The solubility of rock phosphate as influenced by sulphur and gypsum by Scott, Winfield
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1926
The solubility of rock phosphate as influenced by
sulphur and gypsum
Winfield Scott
Iowa State College
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Agriculture Commons, Agronomy and Crop Sciences Commons, and the Soil Science
Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Scott, Winfield, "The solubility of rock phosphate as influenced by sulphur and gypsum " (1926). Retrospective Theses and Dissertations.
14295.
https://lib.dr.iastate.edu/rtd/14295
INFORMATION TO USERS 
This manuscript has been reproduced from the microfilm master. UMI films 
the text directly from the original or copy submitted. Thus, some thesis and 
dissertation copies are in typewriter face, while others may be from any type of 
computer printer. 
The quality of this reproduction is dependent upon the quality of the 
copy submitted. Broken or indistinct print, colored or poor quality illustrations 
and photographs, print bleedthrough, substandard margins, and improper 
alignment can adversely affect reproduction. 
In the unlikely event that the author did not send UMI a complete manuscript 
and there are missing pages, these will be noted. Also, if unauthorized 
copyright material had to be removed, a note will indicate the deletion. 
Oversize materials (e.g., maps, drawings, charts) are reproduced by 
sectioning the original, beginning at the upper left-hand comer and continuing 
from left to right in equal sections with small overiaps. 
ProQuest Information and teaming 
300 North Zeeb Road, Ann Arbor. MI 48106-1346 USA 
800-521-0600 

NOTE TO USERS 
This reproduction is the best copy available. 
UNU 

IQ^h COLI^^CS; OF AUD 
lECH/UHC AR2S 
Doctoral ThealB IiO» 
THE SOIAJBILPT/ OP ROCS ?iIOSPITAG?li Ai.' IIiPI,USJCBD B? 
SULPHiJrv 'JID OlfPPUK 
A DI^^r-KK?/i2I€ai 
S«baittfed to tlus Qj^duate Fa<mlUy 
in eaisdidacy fcxp the Degre^> of 
jXXJTOE OF ?IIiri0J?0?iS 
By 
viiaficld Scott 
Approved 
in Ciiarge or \iopiC 
' 
Head of ?^^op itepapteifint 
Dean of Graduate <l;oiie^ 
l<m& State Collego 
1986 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
UMI Number: DP14542 
@ 
UMI 
UMI Microform DP14542 
Copyright 2006 by ProQuest Information and Learning Company. 
All rights reserved. This microform edition is protected against 
unauthorized copying under Title 17, United States Code. 
ProQuest Information and Learning Company 
300 North Zeeb Road 
P.O. 80x1346 
Ann Arbor, Ml 48106-1346 
TABiii: OP cojJTEtrrs 
Pa^e 
lalspoG^ctlon - 1 
Historical 2 
Tee i^^ssamt of Eulphta? in Vbei Soil - - — - - 2 
Sulphur Rwaoved by Crops 5 
£ulpi3ur Lost in Dminagc V/atep -S 
Sttl]3hm» aay be Retti2?i^ to the roll 4 
rSfce mf luenc© of fjulpiaa? on Plant Gspa&Hi • - - 6 
^iie Influence of Sulphur on Bacterial Activity 5 
Tbe Effect of -Fulplaia? cm tho Availability 
of Plant Pood Hateriols 9 
Tho Effect of CypsTjEa on Plant Gxrowth • • - • • 10 
llae jSffect of C^sura caa Bacterial activity - - 11 
Tlie Effect of G^suia on the Availability 
of Plant Pood liatorials 13 
Sagpex'ii.iental - 14 
Plan of the Ei^rttaent 15 
Bacteriological Investigations 16 
a* JJitrifyiag Posrer 17 
b« Eulphofyiiig ?o®re3? iq 
Chesilcal Studies 18 
Results of the Bacteriological Investigation - - - 19 
Am Uitpates at 'iliae of S«c^ling - 19 
3» Effect of !a?eQts9snt on tho Hitri-
fying Poser of tiie Soil 30 
G# Sulpbate-^tiiphra? at Various Earrolings •• • 48 
D« Sulphofyias Power of isiaiai Jiilt Loaa « - - 6B 
Results of tlie Cheislcal Investigatioarifj — 77 
A> neutral iUa^aoniura-K^ltP&te-Sc&tli^ Sboi^ihortui 77 
3- «fater-Solt&lc f^ioj^orua - ^ 
€• ®ie Hy3^gen»ion Concent3?atlcm 107 
Crc^  Yields — - -«• no 
SusEsary - 119 
Conoluaicsia ISl 
Ackoowledgaent 12S 
Bibliosrapiiy 125 
THE SOLTBILITY OF ROCK PHOSPHATE AS lUPLUENCED 
BT SULPHUR ABD GYPSTOI 
IHTRODUCTIOH 
A difference of opinion exists among soli investi­
gators as to the place which sulphur should occupy in 
a permanent system of soil management, ffiiis is due to 
the variability of the experimental data flfcich have 
"been made available, largely since 1911» These data 
have definitely shown, however, that the sulphur con­
tent of the soil is low while that of the common 
farm crops is higjier than formerly believed. It has 
been shown too, that certain crops respond favorably 
to sulphur fertilizers on some soils, Vihether this re­
sponse is due to the effect of sulphur as a plant-
food material, to its influence on the activity of 
bacteria, or to the liberation of the certain plant 
food constituents is not known, Heither is it clear 
what form of sulphur or sulphur compoxind will give the 
best results. It is the aim of this experiment to 
attempt to throw some ligjit upon these questions. 
HISTORICAL 
IhiB itooimt of Suliditir In the Soil 
Th© place of sulphur in systems of permanent agri­
culture has i»eceiv©d mch attention in this country 
since 1911 and it is not feasible to report all the 
work which has "been done. Hence, reference will bs 
laade to only a few of the many excellent articles which 
have been TOitten. 
Hart and Peterson (55) definitely placed the ques­
tion of sulphur fertilization before the soil investi­
gators of this country in 1911» Prom experinental data, 
they arrived at the conclusion that the sulphur con­
tent of soil is, as a rule, low while that of the cossaon 
farm crops is higher than formerly believed. Shedd (123) 
carried out investigations on the suljtoir content of 
several Kentucky soils. These soils were found to be 
comparatively low in sulphur. Brown and Sellogg (19), 
deteimned the sulphur and phosphorus content of the 
important soils of Iowa. The total sulphur in the 
surface, subsurface and subsoil was shown to be approx­
imately one-half as great as the phosphorus content. 
Swanson and Latshaw (135) made a stxady of the quantity 
of sulphur and phosphorus in the soils of Kansas. 
These soils represented "Hie humid, sub-humid and semi-
arid sections of the state. Pr<»a each section, soils, 
Tfoich had grown alfalfa, grain and virgin sod 3?espect-
ively, were used» In all cases the amount of sulphur 
was much less than that of the phosphorus* 
Sulidiur Removed by Crops* 
The amount of sulphur in soil becomes more signi­
ficant when the total losses are considered. 
Hart and Peterson (55) have submitted data which 
show the loss of sulphur in the crops removed. Bie 
following data are taken from the work of these authors. 
TABLE I 
Pounds of Sulphur Trioxide and Phosphorus 
Pentoxide Removed per Acre by Average Crops, 
;Dry ;Sulphur :Phosphorus 
tTfeight 2 !Dr ioxide; Pentoxide 
Crop ; lbs. : lbs. t lbs. 
Corn grain 30 bu. 1500 6.40 10.00 
Com stalks 1877 5,60 8.00 
Oats grain 45 bu» 1625 7.50 13.00 
Oat straw 2353 12.20 6.40 
Wheat grain 30 bu. 1530 6.40 14.20 
^Tieat straw 2653 9.30 6.90 
Red clover hay 3763 15.40 24.90 
Alfalfa hay 9000 64.80 39.90 
®3.e following data are taken from Shedd's work (124). 
TABLE II 
The Percentage of Sulphixr and Hiosphorua Re­
moved by Certain Crops* 
:i^rcentage Percentage 
Crops : of of 
:Sulphur Phosphorus 
Rye^ heading stage 0.120 
Vetch, flowering stage 0.107 
Sweet clover, flowering stage 0.082 
Bluegrass, 4 in. hi^ 0.134 
Tobacco (average of 5 varieties) 0.504 0.368 
Sulphur Lost In Drainage Water 
Hie loss of sulphur through leaching is an important 
problem in the study of aulj^m? fertilization. Lyon and 
Bizzell (88) report date which were secured from the 
lysimeter tanks at Cornell University. The loss of 
sulphur from the uncropped and lanlimed soil was 44 pounds 
per acre annually. The soils on which crops were grown 
lost less sulphur in the drainage water than did the im-
cropped soils when similarly treated. The annual loss 
per acre varied between 31.5 pounds and 62 potinds accord­
ing to the crop and to the treatment. 
Sulphur May Be Returned to the Soil 
Biese losses, however, are not so significant since 
sulphur is returned to the soil in manure, in certain 
•»5* 
coanniercial fertilizers, and in the rain water. Hart 
and Peterson (55) have submitted the following data. 
TABLE III 
Influence of Liberal Manuring with F&rm. 
Manures on t^-e Sulphur Trioxide Content of 
— Soils. 
Soil Sample 
No. 
: SO, In Virgin 
= soil. 
^ Percent 
i SOg in Cropped 
• and in Manured 
! Soil. Percent 
6 0.061 0.075 
7 0.108 0.115 
8 0.119 0.140 
Average 0.096 0.110 
Wilson (151) reports for a five year average en 
annual addition of 29.5 pounds of sulphur per acre. 
Olson and St. John (105) estimated that 5.57 pounds of 
sulphur are added annually per acre by the rain water. 
This estimation is based on the analysis of the rain 
water for four months beginning witJi November. Erdman 
(43) found that 14*89 pounds of sulphiar per acre were 
brought down in the rain water in Iowa in 1921. 
Maclntire and Young (90) collected rain water from widely 
distributed areas in Tennessee. Prom the analyses of 
these samples, they conclude that the annual addition 
of sulphur per acre varies between 12»7 pounds and 232.4 
pounds. The unusual deviation is probably due to the 
location of areas close to or far frooa industrial centers. 
Stewart (131) cites data which he secured in the Univ­
ersity Pana at Urbana, Illinois. These data show that 
the annual addition of sulphur per acre in the rain­
water varies between 39,80 pouads and 51.00 pounds. 
Tne Influence of Sulidiur 
on Plant Growtai. 
The influence of sulphur on plant growth has been 
studied by many investigators. Bosinelli (11) carried 
out some experiments -sriiich siiowed that sulphur produced 
beneficial results in pot cultures of v/heat, buckwheat 
and legumes. Similar experiments in small pots gave 
comparable results. Demolon (35) found that sulphur, 
when added to a garaen soil, gave an increased groi^rth 
of leaves and roots, end favored the development of 
chlorophyll. According to Chanorin and Desriot (37), 
sulphur reduced the diseases and increased the yields 
of potatoes when applied at the rates of 250 to 500 
grams per hectare in connection with superphosphates, 
potassium siilphate and sodium nitrate. Voelcker (144) 
states that sulj^ur In amounts of 100 to 200 poimds per 
acre produced only a slight increase in imistard and a 
sli^t decrease with clover and lucerne. Reynolds and 
Leidi^ (114) fotmd that sulphur increased the yield 
of cotton. The average yield of the three plots which 
received sulph\ar only was 374.74 pounds of lint# The 
average of the checks was 276*63 pounds of lint» Heidig, 
HcDole, and Magnuson (104) found "tiiat sulphur increased 
the yield of alfalfa on certain soil types# The increase 
on Helmer silt loam amounted to 119.6 percent, Duley 
(39), in a series of pot cultures, foxmd that sulphur, 
ifhen used alone, was sli^tly beneficial to corn and rape, 
and quite beneficial to red clover. These results were 
secured, on Sldon silt loam which is very low in suli^ur 
(297 pounds per acre), Shedd (125) grew soybeans, 
clover, oats, alfalfa and Tiriieat in the greenhouse on 
ei^t distinct soil types all of which were low in sul-
jdiur. His results showed -ttiat sulphur increased the 
yield of some of these crops, had no effect on others, 
and, finally, injured the remainder. The results seemed 
to depend on the crop and the soil type, Lipman, J, G,, 
Prince, and Blair (79) conducted an experiment to study 
the influences of sulphur on soil# They found that 
sulphur when applied at the rate of 200 and 500 pounds 
per acre did not affect soybeans. On the other hand. 
-8-
sulpJmr, when applied at the rate of 1000 pounds per 
acre, proved very injurious to this crop» 
The Influence of Sulidiur 
on Bacterial Activity* 
The influence of sulphur on bacterial activity has 
been shown to be variable* Broim and Kellogg (19), 
Lipofln, Waksman and Joffe (87) have cited data 
to show that certain bacteria are very active in the 
presence of sulphur, oxidizing a very large percentage 
of it. Halversen and Bollen (54) studied the Influence 
of sulphur on bacteria in several Oregon soils. Eiey 
found that the activity of sulphur-oxidizing bacteria 
was increased when sulphur was added# The efficiency 
of the bacteria varied greatly, however. The percent­
age of srilphur oxidized varied between 2 and 61 for 
flour sulphur. Lipman, J. Prince and Blair (79) 
found that the amount of nitrate-nitrogen increased in 
spite of tiie higii acid concentration resulting from 
the application of large amounts of sulphur. These 
autib-ors explain that the check plots in this experiment 
were not satisfactory. Pitz (111) carried out ex­
periments to show the influence of sulphur and calcium 
sulphate on certain of some hi^ and low forms of plant 
life* He found that sulphur, when added to the soil, 
stimulated the action of amonifying bacteria and re­
tarded the action of nitrifying "bacteria. 
ghe Effect of Sulphur on the 
Availability of Plant Food 
Materials. 
Sulphur, when added to a soil, is supposed to 
oxidize and form, with water, sulphuric acid« Lipman, 
G» and McLean (84) performed pot experiments which 
aimed to show the influence of acid thus formed on Idle 
availability of phosphorus# Prom the data thus se­
cured, they concluded that sulphur made the phosphorus 
of ground rock phosphate more soluble and that the 
phosphorus thus made available mi^t be used to an 
advantage by growing crops» According to Ames and Rich­
mond (3), sulj^ur increased very greatly the amraonium-
citrate-soluble phosj&orus# !Ehe soluble phosphorus in-
ci^eased from 50 to 650 parts per million in nineteen 
weeks* Ames (6) found t^iat sulphur increased very 
greatly taie citrate-soluble phosphorus, the quantity 
being influenced by the kind of soil and the other 
fertilizers which were used with sulphur. Shedd (126) 
performed some experiments to snow the influence of 
sulphur on the availability of phosjdiorus. V/ater-soluble 
-10. 
and auEioniica-citrate-soluble piiosphoinis were deter-
oined in samples of (1) soil and manure, (2) soil, 
manure, and rock piiosj^Late, (3) soil, manure, and sulphur, 
and (4) soil, manure, rock phosphate, and sulphur# 
Analyses were made at regular intervals for about two 
years, '^e sulphur made a large quantity of the phos-
j^orus soluble. Stevenson and Powers (130) applied sul­
phur to soil at the rate of 100, 500, 2500, and 12,500 
pounds per 2,000,000 pounds of soil. The water-solizble 
oalciiaa and potassium were increased while the phosphorus 
soluble in water was reduced. Erdman (46) made a com­
prehensive exaaiination of the effect of sulphur on the 
availability of fertility elements in Palouse silt loam. 
He found that sulphur increased the availability of 
potassium, while calcium and magnesium were but sli^tly 
Influenced. 
!rhe Effect of Gypsum on Plant Growth 
The relation of sulphates to plant growth was stud­
ied by Hart and ^ottin^am (56). 'iSiey grew members of 
ttie Leguminosae, Gramineae and Cruciferae families in 
ttie greenhouse on just one soil type. The sulphur com­
pounds were applied alone and in combinations v/ith 
commercial fertilizers. TSie sulphates of calcium and 
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sodi-um gave increased yields over the checks. Pitz 
(111) perfoiTaed an experiment to study the effect of 
calcium s^phate on red clover grown on various soil 
types# Ligjit applications gave a sli^t increase in 
yield mftiile heavier applications brou^t about a decrease 
in yield. The applications varied between 0,01 percent 
and 0.1 percent. Miller (101) planned an experiment to 
determine the valxie of sulphates iHxen applied to three 
Oregon soils. Hed clover, oats, and rape were grown* 
Sodium and calcium sulphates were used as the suli^te 
fertilizers. The experiment was carried out in pots in 
"tiie greenhouse. He found that sulphates increased the 
yield of the plants used. 
!13ie Effect of Gypsm on 
Bacterial Activity* 
Gypsum has been used as a direct fertilizer for many 
decades. Only recently has its infl\Bnee on bacterial 
activity been considered. Sing^ (128) carried out an 
experiment which aimed directly at the study of this 
ixpoblem. His worlc was planned to include the field of 
amnonification, xiitrification, azofication and symbiotic 
nitrogen fixation. The work shows that gypsum decreased 
ammonification, the greatest decrease occurring wi-Si 
the largest application of the material. It decreased 
12-
nltpification, but increased the efficiency of Rhizob-
i\2m Ijeguminosarum. Fred and Hart (49) made a study of 
the caaparative effects of phosphates and sulphates on 
soil bacteria. In one test gypsum gave an increase in 
amaonia which, varied between 4.8 x>e3rcent to 14.4 per­
cent in solution. The sulphates of calcium^ magnesium 
and potassium were applied in varying quantities to 
soils and their ammonifying power detennined# Eleven 
out of twelve cultures gave a sli^t increase in favor 
of the sulphates, calcium sulphate being somewhat 
superior# Calcium sulphate also gave a sli^t in­
crease of carbon-dioxide over the check* Erdman {45} 
submitted data on the effect of gypsum on Iowa soils. 
He determined the ammonifying, nitrifying, and azofy-
ing power of several soil types as influenced by gypsum. 
His conclusions were as follows: "Eie smaller appli­
cations of gypsum have no effect on ammonification 
and nitrification, while the larger amo\ints are 
sligjitly Tjnfavorable to these bacterial processes* 
All of the gypsum treatoents are tanfavorable to azo-
fication as measured by the amount of nitrogen fixed in 
solution per gram of dextrose." 
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The Effect of Gypsum on the 
Availability of Plant-Food 
Materials« 
Gypsum has been considered for centuries as a 
soil stlimlant; l.e,, that it does not of itself serve 
as a plant-food laaterlal, but reacts chemically with 
various compoiinds of the soil and liberates the insol­
uble elements contained therein. Briggs and ^reazeale 
(17) planned an experiment to test this theory. Several 
orthoclase-bearing soils were treated with calcium 
sulphate and calcium hydrate. Quantities of 500 grams 
each were shaken with water and the potassium deter­
minations made. Prom their results, they arrive at the 
following conclusion: "In brief, the experiments in­
dicate that the availability to plants of the potash 
in soils derived from orthoclase-bearing rocks is not 
increased by the addition of lime or gypsum. In seme 
instances a marked depression of the solubility of the 
potash in the presence of gypsum was observed." 
McCool and Millar (95) performed an experiment along 
this line. Two himdred gram samples of soil were 
added to 500 c.c. of distilled water and allowed to 
stand for 24 hours. The rate of formation of soluble 
substances In treated and untreated soils was determined 
under two sets of moisture conditions, one low or about 
14-
the optimum, the other high. The samples were mamhered 
1 to 6 and every odd sample received an application of 
gypsum. The soluhle substances were markedly increased 
in each sample which had received gypsum. As a result, 
the authors believe that the increased solubility was 
due to chemical reaction since the amount of carbon-
dioxide produced was greater in the untreated samples, 
Erdman (46), in his study of Palouse soils, found that 
gypsum increased the amount of soluble potassium xander 
greenhouse conditions but did not give positive re­
sults in the field. Magnesium compounds were but little 
affected by gypsum. 
EXPERIMENTAL 
©lis experiment was planned with the hope that the 
data obtained would throw some light on the following 
questions: 
1, Do elemental sulphur and gypsum favor 13ie growth 
of soybeans in Miami silt loam or in Waukesha silt loam? 
2, Wmt is the effect of sulphur and gypsian on 
various bacterial processes in the soil? 
3, Do elemental sulphur and gypsum serve as plant-
food materials or as indirect fertilizers? 
4, Bo elemental sulphur and gypsiua make phosphorus 
in l^e soil available i,e,, soluble? 
•15-» 
Plan of the Experiment 
The field testa were made on V/autesha silt loam 
near Cedar Palls, Black Hawk County, Iowa. These tests 
were conducted for three years. The soil used in liie 
greenhouse "cests was obtained frcsa the North Vifoods, 
near ^es, Iowa* This soil is known as the Miami silt 
loam. Its sulphur and jdaosphorus content are approx­
imately 0.045 and 0.060 percent respectively. 
This Miami silt loam was collected from a large 
open area in the woods and, so far as its history is 
known, it has never been cultivated# A scant grass 
sod covered all of the open area from which the soil was 
taken* This bluegrass sod was carefully removed and 
the imderlying soil to a depth of seven inches sampled 
and a composite sample taken* This composite sample was 
sieved in order to remove the coarse particles of soil 
and the foreign materisil* Each of forty-ei^t pots was 
filled with 50 pounds of this soil and there were two 
series of 24 pots each. The two series were treated 
alike• 
1, 2 Check 
3, 4 Limestone 
5, 6 Sulpiiup 
7, 8 Gypsum 
16' 
9, 10 
11, 12 
13, 14 
15, 16 
17, 18 
19, 20 
21, 22 
23, 24 
!I3ie sulj^ur and gypsum were applied at the rate of 
600 pounds per acre, the rock phosphate and limestone 
at the rate of 2000 pounds per acre# Eie amoxmt of 
limestone was siifficient to approximately neutralize the 
soil acidity* 
Soybeans were planted in series one, and finally 
thinned to six plants per pot# Series two was left 
fallow. The two series were kept at a moisture content 
of one-half that required for saturation# The temper­
ature of both series was held near 70® C. under green­
house conditions# 
Bacteriological Investigations 
In order to determine the influence of sulphur and 
gypsum on the activity of bacteria tiie following lines 
Rock Phosphate 
Limestone and Sulphur 
Limestone and Gypsum 
Rock Phosphate and sulphur 
Rock Phosphate and Gypsum 
Rock Phosphate and Limestone 
Rock Phosphate, Limestone and Sulphur 
Rock Phosphate, Limestone and Gypsum 
17 
of work were \mdertaken: 
1« To study the action of sulphur and gypsum on 
the production of nitrates and sulphates in the fallow 
series* 
2* To study the action of sulphur and gypsum on 
•ttie nitrifying and sulphofying powers of the soil in 
the fallow series using ammoniuia sulphate and sulphiip, 
3, To study the growth of soybeans in the cropped 
series and the nodule formation and the influence of 
nodulation on growtii* 
4» To secure the yield of soybeans. 
Eae first samples were taken 15 days after the 
treatment was made. Enou^ soil was raaoved frrai each 
pot to fill one-half gallon Mason fruit jars. All in­
struments and vessels were kept sterile. The samples 
were taken to the laboratory where the moisture con­
tent, the hydrogen-ion concentration, and the content of 
sulphates and of nitrates were determined. 
a. Kitrifying Power 
Tumblers were filled, in duplicate, with one 
hundred grams of air-dry soil. To each, 100 mgm. of 
ammonium sulphate were added. The moisture was brought 
to the optimum •vh.eve it was maintained during an in­
18-
cubation period of two weeks. At the end of the period 
the nitrates were determined by the phenol-disulfonic 
acid method. 
b« SuliAiofying Poyep 
Tumblers were filled with 100 grams of air-dry 
soil. One gram of sulphur was added to each. After 
tiiorou^ily mixing the soil and the sulphur, the moist­
ure content was brou^t to the optimum vftiere it was 
maintained during the incubation period of two weeks* 
At the end of this time the sulphates were determined 
by ttie pho tone trie method. 
Chemical Studies 
A portion of the saae samples used for the bacter­
iological studies, was used to determine the hydrogen-
ion concentration, the neutral amnonium-citrate-soluble 
phosphorus and the water-soluble phosphorus. hydro-
gen-ion concentration was determined colorimetrically, 
the neutral ammonium-citrate-soluble phosphorus accord­
ing to the official method, and tie wate3>-soluble phos­
phorus by the method outlined by Schreiner and Failyer, 
-19-
Uhited States Departenent of Agriculture, Bureau of 
Soils, Bulletin Number 51. 
RESULTS OF THE BACTERIOLOGICAL INVESTIGATION 
A. Hitrates at Time of Sampling 
The following tables IV to XII inclusive, show the 
nitrate-nitrogen content of the soils at the various 
samplings. 
SEi© data in table IV shows the nitrate-nitrogen 
in the soils at the first sampling which was performed 
two weeks after the treatments were made. These data 
show that nine of the twelve treatments increased the 
amount of nitrates in the soil. Of the three which 
yielded leas than the check, two received a sulphur and 
• 
one a gypsm fertilizer. 
Oliier pots to which sulphur and gypsum were applied 
gave more nitrates than the check. Rock phosphate 
alone and lir/iestone and gypsum combined were the only 
treatments which varied to any great degree from Idie 
check. These treatments influenced very favorably the 
production of nitrates. 
The data in table V show the nitrate content at 
the second sampling. The check pots showed the hig^iest 
TABLE IV 
Hitratea in Soils at First Sampling. 
t s : IW3 
• 
• 
:Averagei of j Average :Varlatloji 
PotjLa"bj :Duplicatos i o f  Potd. .:froni 
no. s J J o ,  t Treatment jNitrogen t « « jOheok 
• f * t p.ptin. : p.p.m. ; p.p.m. t p.p.m. 
1 1 
2 
Check 2.964 
2.880 2.922 
2 1 Check S.OOO 
2 2.700 2.850 2.885 
3 1 
2 
Limeatone 3.868 
3.692 3.780 
4 1 Limeatone 3.528 
2 3.748 3.638 3.709 + .824 
5 1 
2 
Sulphur 3.520 
3,520 3.520 
6 1 Sulphur 7.440 
2 7.760 7.600 5.560 +2.675 
7 1 
2 
Qypsuai 3.200 
3.080 3.240 
8 1 Gypsum 6.600 
2 5.600 5.600 4.420 -J-1.535 
9 1 
2 
Rook phosphate 8.000 
7.776 7.888 
10 1 Rook phosphate 16.468 
2 16.468 16,468 12.176 +9.292 
11 1 Limestone and sulphur 5.184 
2 5.184 5.184 
12 1 Limestone and sulphur 2.400 
2 2.400 2.400 3.792 +0.907 
13 1 Limeotono and gypaum 11.664 
2 11.604 11.664 
14 1 Limestone and gypsum 14.000 
2 14.000 14.000 12.832 +9.947 
15 1 
2 
Rock phosphate and sulphur 2.664 

y 1 Kooic pnospnauQ 0.000 
2 7.776 7.888 
10 1 Rook phosphate 16.468 
2 16.468 16.468 12.176 +9.292 
11 1 Liraeatono and sulphur 5.184 
2 5.184 5.184 
12 1 Liraostono and sulphur 2.400 
2 2 . 400 2.400 3.792 +0.907 
13 1 Limootono and gypo\»n 11.604 
2 11.664 11.664 
14 1 Limostono and cypswi 14.000 
2 14,000 14.000 12.832 +9.947 
15 1 Rook phosphato and sulphur 2.664 
2 2.664 2.664 
16 1 Rook phosphato and sulphur 2.560 
2 2.560 2.560 2.612 - .273 
17 1 Rock phoapliate and gypsum 2.240 
2 2.200 2.220 
18 1 Rock phosphato and gypsum 2.000 
2 2.400 2.200 2.210 -0.675 
19 1 Rook phospliato and llnieston© 3^040 • 
2 3.320 3.180 
20 1 Rock phosphate and limestone 2.520 
2 3.250 2.885 3.032 +0.147 
21 1 Rook phosphato„ llinostone and sulphur 1.120 
2 1.120 1.120 
22 1 Rook phosphato, limestone and sulphur 1.120 
2 1.080 1.101 1.110 -1.775 
23 1 Rook phospliato, llniostono and gypsum 2.550 
2 1.960 2.255 
24 1 Rock phosphato, limestone and gypsum 2.840 
2 2.920 2.880 2.517 +0.368 

TABI.': V 
ill-bJfatoB in Soils at cooond wsanpllns, 
4 y } TO;" 
: 
iKyroinxdd OXUIMQX'O.ro sVai'iaiiibri 
jDupHottte3;of Poiio 
IJo. 3 Wo . * « i {CJiook 
# 
• s TpVir.tr. "j p.iOT. 
1 1 Oliook 3.568 
G.508 0.568 
e 1 Ohook 1G.0CX3 
2 15.000 15.500 12.034 
3 1 
2 
Llinoataae 10.000 
0.000 9.000 
4 1 Llinoo-fcovio 10.000 
a 10.000 10.000 9.500 -2.534 
5 1 Siaphvup OCX) 
2 4.064 4.032 
6 1 BulplTur 7.500 
8 0.G04 7,082 5.567 •"G.402 
7 1 Gfypmaa 4.200 
2 4.0G4 4.136 
8 1 Oyj^sum C,(XX) 
2 O.002 5.926 5.031 ~7.000 
9 1 Rook phoopliato a.OGO 
S 0.000 3.868 
10 1 Rook phoapliatG 4,0d6 
» 4.704 4.800 4.334 -7.705 
11 1 IdxiootQiio aiid oulpliur 4.01C 
S 4.208 4.118 
1S3 1 Limootono and oulphizj? 4.D84 
2 4.204 4.284 4.198 -7.041 
13 1 Llinoatono and g7paum 0.200 
2 U.200 6.200 
14 1 L3j:iootono mid gypsum 5. GOO 
2 c>.;>20 5.500 5.090 —G#149 
16 1 Rook phoopliato and oulphvir 2.500 
2 2.520 2.540 
16 1 Eock pliosphatG und anl:,)hur 2.120 

8 u vODK 5,031 -v,ooa 
9 1 
S 
Rock phoophato •6 MO 
o.OGO 3,008 
10 1 Kook phooplmtG 4.G90 
s 4,704 4,800 4,334 -7,705 
11 1 Idmootono ttiiid oi^lpiwa? 4,010 
s 4,200 4,118 
12 1 I/iiuootono and oulphiiT 4#G84 
s 4.S04 4,284 4,198 -7,041 
1» 1 Llinoatono and gyiism 0,800 
s 0,200 0.200 
14 1 LibTiootono tmd 5, GOO 
s C3,;>S0 3,500 5.090 -0.149 
18 1 Rook phoaplmto ajid oulplivir ;3,5(J0 
s • TiSO 2,540 
16 1 Rook phoopliato und oiil/>hur 2,ISO 
s S.ISO 2,120 2.340 •9.090 
17 1 Rook plioopliato fwid ^y.jQxaa ;5,040 
s 3,040 3,040 
18 1 Rook phoopliato and g;yp£ruitt 4 ,180 
s 4,040 4,0B0 3,560 -0.470 
19 1 Rock jdioGplmto and lliioatone 0,G40 
s 0.400 O.G60 
SO 1 Rook phoopliato mid llr.iootone 5.320 
2 0,320 5,320 5,040 —0,099 
21 1 Rook phoGphato* limoatono and oulpliau? 1,720 
c 1.000 1,700 
28 1 Rook phoaplmto^ lluiootoiio and aiilphitp 2,040 
s 2,920 e.880 S.290 -9,749 
S3 1 Rook phoopliato, limoGto;io and £5/'poiaa 4,440 
s 4,440 4,440 
S4 1 Rook phoophato, llinoDtono and (5ypaum 4,120 
s 4. 300 4,840 4,340 -7,099 
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content of nitrates. All the treatments, even in­
cluding limestone, depressed the nitrate content. 
5he data in table VI s/.iow the nitrates present at 
the liiird sampling* Soae of the treatments increased 
the anoiint of nitrates# 3iis was true of tlie liiae-
stone, the sulphur, the gypsum and the rock phosphate. 
Eie rock phosphate when cosibined with gypsum or lime­
stone, also, irifluenced favorably the formation of 
nitrates in this soil# Rock phosphate -sriien applied witti 
limestone and sulphur or limestone and gypsum, like­
wise, gave a sli^t increase in the amount of nitrates. 
Limestone and gypsum combined were the only treatments 
which showed less nitrate nitrogen than ttie check pots. 
Bxe data in table YII show "ttie nitrates present 
at the fourtaa sampling. There was only a sli^t differ­
ence between the effects of the various ti?eataients at 
this time. Limestone, however, gave definite, positive, 
and favorable results. This held true for every pot 
receiving limestone unless it was applied with sulphur. 
The sulphur treatments in all cases depressed nitrate 
production. Gypsum and rock phosphate apparently had 
no influence on the quantity of nitrates present. 
Table VIII shows the nitrate content of the soils 
at the fifth sampling. All the treatments, rook phos­
phate excepted, depressed the nitrate content. The 
TABLE VI 
nitrates in Soils at 
J • • 
Pot ;Lab; 
Ho. iNo. 
• 
• 
: Treatmont 
* 
m 
1 1 Check 
2 
2 1 Check 
2 
9 1 Limestone 
2 
4 1 Limestone 
2 
5 1 Sulphur 
2 
6 1 Sxilphur 
2 
7 1 Gypsum 
2 
8 1 GyT>sura 
2 
9 1 Rook phosphate 
2 
10 1 Rock phosphate 
2 
11 1 Limestone and sulphur 
2 
12 1 Limestone and sulphur 
8 
13 1 
P 
Limestone and gypsum 
14 
A' 
1 Limostoiio mid cvoaum 
Third Sarapling 
WOg :Avbrage' of';Average ;VariQti'6h 
:Duplicates;of Pots :frcm 
Nitrogen t ; ;Oheolc 
p.p.m. ; p.p,m. ; p,p,m. 
5.520 
5,520 5.520 
6.240 
6,040 6,140 5,830 
7,720 
7.7S0 7.720 
10•800 
10,880 10,880 9.040 
6.840 
6.840 6,840 
5.216 
5.000 5.108 5.974 
7.720 
7.720 7.720 
6,640 
7.040 6.860 7.290 
9,220 
8,560 8.894 
6,280 
6,120 6,200 7,587 
3,800 
3.840 3.820 
4,600 
4,680 4,640 4,230 
6,640 
4.080 5,360 
Q-OOQ 
p.ptm. 
+S.210 
+0,144 
+1.460 
+1.717 
-1,600 

9 1 Rock phosphate 
2 
10 1 Rock phosphate 
2 
11 1 Limestone and sulphur 
8 
12 1 Limestone and aulphui? 
8 
13 1 Llraeatono and gypsum 
2 
14 1 Llmootono and gyoavan 
8 
15 1 Rock phos}3hato and sulphur 
8 
16 1 Rook phosphate and sulphur 
2 
17 1 Rock phosphate and gypsum 
2 
18 1 Rock phosphate and ^^ypsum 
2 
19 1 Rock phosphate and limestone 
8 
SO 1 Rock phosphate and limestone 
8 
81 1 Rook phosphate, limestone and sulphur 
8 
88 1 Rock phosphate, limestone and sulphur 
8 
23 1 Rock phosphate, limestone and gypstira 
8 
84 1 Rook phosphate, limestone and gypsum 
8 
7.040 6.860 
9,228 
8.560 8.894 
G.280 
6.120 6. sob 
3.800 
3.840 3.880 
4.000 
4.680 4.640 
6.G40 
4.080 5.360 
8,000 
8.000 8.0d0 
3.G36 
3,2r37 3.431 
2.480 
2.480 8.480 
5.580 
5.680 5.600 
9.600 
8.560 9.380 
8.560 
8.560 8.560 
8,000 
7.780 7.860 
7.240 
7.840 7.840 
5.080 
4,880 4.980 
4,560 
8,880 6,780 
10.438 
10.432 10.432 
7.587 +1.717 
4.230 , -l.GOO 
6.680 -•.•0.850 
2.955 -2.075 
7.490 +1.660 
8.210 +2.380 
G.llO +0.280 
8.576 +2.746 

TABLE VII 
Wltrates In Solla at Fourth Sampling. 
: ! WO, :Average of:Average ivariatioh 
PottLab: o m :Duplioateaiof Poto :froin 
Wo, tKo. : Treatment 8Nitrogen • • • • :Check 
t t P : p.p.m. ; p.p.m. J p.p.m. 
1 1 
2 
Check 2.960 
3,000 2.980 
2 1 Check 3.680 
2 3.760 3.720 3.255 
3 1 
2 
Llmoatone 5.000 
4.a40 4.920 
4 1 Llraestoue 3.660 
2 3.560 3.560 4.240 +0.985 
5 1 
2 
S\ilphur 2.560 
2.520 2.540 
6 1 Sulphur 2.682 
2 2.436 2.559 2.559 -0.656 
7 1 
2 
Gypsum 3.888 
3.680 3.784 
8 1 Gypsum 2.840 
S 2.960 2.900 3.342 +0.087 
9 1 
2 
Hook phosplmte 2.920 
3.040 2.980 
10 1 Rook phosphate 1.680 
2 1.720 1.700 2.340 -0.915 
11 1 Limestone and sulphur 2.000 
2 1.880 1.940 
18 1 Limestone and sulphur 1.525 
2 l^OSO 1-302 1-621 *•1 -

10 1 
2 
11 1 
2 
12 1 
8 
13 1 
2 
14 1 
2 
15 1 
2 
16 1 
2 
17 X 
2 
18 1 
2 
19 1 
2 
20 1 
2 
21 1 
2 
22 1 
2 
23 1 
2 
24 1 
2 
KOOK pnoBpnaiio 
Limestone eoid aulpliur 
Limestone and sulphur 
Limestone and gypsum 
Liinostone and gyijsura 
Rook pliosphato and sulphur 
Rook phosphate and sulphur 
Rook phosphate and gyiisuin 
Rock phosphate and gypsum 
Rock phosphate eind limestone 
Rock phoaphato and llmestono 
Rook phosphate, limestone and sulphur 
Rock phosphate, limestone and sulphur 
Rock phosphate, limestone and gypsum 
Rock phosphate, limestone and gypsm 
1.720 1.700 2.340 -0.915 
2,000 
1.880 1.940 
1.525 
1.080 1.302 1.621 -1.634 
4.520 
4.240 4.380 
2.480 
2.840 2.660 3.520 +0.2G6 
2.040 
2.640 2.640 
1.240 
1.280 1.260 1.950 -1.305 
3.360 
3.320 3.340 
4.840 
5.000 4.920 4.130 +0.876 
3.520 
3.040 3.180 
4.160 
4.080 4.180 3.650 +0.395 
2.680 
2.720 2.700 
1.600 
1.440 1.520 2.110 -1.145 
2.840 
2.880 2.860 
3.636 
3.636 3.636 3.248 +0.007 

TABLE VIII 
Nitrates in Soila at Fifth Sampling 
t : 
: 
:Average of:Average :Variation 
Pot :Lab : :Duplicates :of Pots sfrom 
Ho. :No. I Treatment :Nitrogen • • : :Check 
• ; p.p.m. J p.p.m. : p.p.m. : p.p.m. 
1 1 
2 
Check 11.800 
11.800 11.800 
S 1 Check 9.200 
2 9,200 9.200 10.500 
3 1 
2 
Limestone 7.840 
7.840 7.840 
4 1 Limestone 10.200 
2 10.000 10.100 8.970 -1.530 
5 1 
2 
Sulphur 6.920 
6.920 6.920 
6 1 Sulphur 11.000 
2 11.000 11.000 8.960 -1.540 
7 1 Oypsum 8.240 
2 8.240 8.240 
8 1 Qypsum 10,160 
2 10.080 10.120 9.180 -1.320 
9 1 
2 
Rock phosphate 13,000 
13.000 15.000 
10 1 Rock phospliate 8.650 
2 8.650 8.650 10.825 +0.325 
11 1 Limestone and sulphur 4.960 
2 4.800 4.880 
12 1 Limestone and sulphur 3.636 
2 3.636 3.636 4.258 -6.242 
13 1 Lime3tone and gypsiM 8.920 Q-Qnn 

9 1 
o 
Rock phosphate 
10 1 
p 
Rock phospliate 
11 1 
o 
Limestone and sulphixr 
12 
(a 
1 
o 
Limestone and suljihur 
13 1 
p 
Lira© s tono. and gyp sina 
14 1 p Llmostone and gypsiim 
15 
a 
1 
2 
1 p 
Rook phosphate and sulphur 
16 Rook phospliatG and oulphm» 
17 1 p 
Rook phospliate and gypaum 
18 
A 
1 
2 
1 
2 
1 
€) 
Rook phosphate and gypsum 
19 Rock phosphate and limestone 
20 Rook phosphate and limestone 
21 
la 
1 p Rock phosphate, limestone and sulphur 
22 1 
o 
Rook phosphate, limestone and sulphur 
2S 
Ct 
1 p 
Rock phosphate, limestone and gypsum 
24 1 
2 
Rook phosphate, llmostone and gypsum 
15.000 
V w 
—A 
13.000 18.000 
8.650 
8.650 8.650 10.825 +0.325 
4.960 
4.800 4.880 
3,636 
3.636 3.636 4.258 •6.242 
8.920 
9.200 9.060 
9.280 
9.280 9.280 9.170 -0.330 
6.650 
6.600 6.625 
6.650 
6.400 6.525 6.575 -3.925 
8.800 
8.960 8.880 
8.960 
9.280 9.120 9.000 -1.500 
8.960 
8.960 8.960 
9.760 
9.600 9.680 9.320 -1.180 
7.440 
7.320 7.380 
8.160 
8.160 8.160 7.770 -2.730 
6.000 
6.000 6.000 
6.000 
5.440 5.720 5.860 —4.640 
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sli^t effect of rock phospiiate is of little significance. 
The degree of depression seemed to bear no relation to 
the treatment. 
Table IX contains the data for the nitrate content 
at the slxtii sampling. Some of the treatments gave 
small but beneficial results, ffliese, however, cannot be 
considered very definite v/hen viewed in taie light of 
the data contained in previous tables. It is interest­
ing, however, to note that the rock phosphate combina­
tions give positive results in all cases* The gypsum 
was neither favorable or unfavorable as measured by 
the content of nitrates at this sampling. 
^e data in table X show the nitrates present at the 
seventh sampling. Here limestone, sulphur, and gypsum 
showed sli^t increases. These increases were too siaall, 
however, to be considered important. All the other 
treatments, rock phosphate and limestone combined ex­
cepted, depressed the content of nitrates. 
data in table XI show the nitrates present at 
the el^tdi sampling. Limestone alone or in combination 
with sulphur, gypsum, or rock phosphate increased 
subtly the quantity of nitrate nitrogen. Sulphur alone 
or in combination, pots 11 and 12 excepted, depressed 
the amount of nitrates formed. 
TABLE IX 
NltratOB in Soils at Sixth Sampling. 
• 
« 
• 
• : :Average of:Average :variation 
Pot:Lab: Treatment A ^ « sDupllcatea :o.^ Vots ;fr<xn 
Ho. :No. » 4 :Nitrogen • • JChecks 
• 
• S J p.p.ra. p.p.m. : p.p.m. ; p.p.m. 
1 1 Check 6.800 
2 6.800 6.800 
S 1 Ohedc 4.400 
n 4.000 4.240 5,520 
3 1 Liraootone 4^400 
2 4.400 4.400 
4 1 Limoatone 5.400 
r> 6,400 5,400 4.940 -0,580 
6 1 Sulphvu? G.C^JO 
4.080 5.300 
6 1 Stilphur 5*920 
2 4.160 4.040 4.670 -0.850 
7 1 OypBVDn 5. GOO 
5.000 5.340 
8 1 Gypavw 5.800 
o 5.800 5.800 5.570 +0.050 
9 1 Rock phosphate 5.600 
6.000 5.800 
10 1 Rook phosphate 4.480 
2 4.600 4.530 5.165 -0.355 
11 1 Ijimestone and sulphur 5.000 
2 5.080 5.080 
IS 1 L:\me st':>no nnd sulphur 3.200 
2 3.200 3,200 4.140 -1.380 
13 1 Liraoatojie and f^oaruii 5.880 
2 5.800 5,380 
14 1 Llinoatono and fiypsiim 5.400 

8 1 Gyp situ 5,000 
o 5.800 5.800 5,570 +0.050 
9 1 
2 
Rock phosphate 5,600 
6.000 5.800 
10 1 Rook phosphate 4,480 
2 4,680 4,530 5,165 -0,355 
11 1 
2 
Limestone and sulphur 5.080 
5,0D0 5,080 
12 1 L;\)n0stone and Bulphixr 3,200 
2 3,200 3,200 4,140 -1,380 
13 1 Limestone and (^psurn 5,880 
2 5,800 5,880 
14 1 Llinostono and gypsum 5,400 
2 5,000 5,200 5.540 •1-0.020 
15 1 Rock phospliate and au3.phur 8.320 
2 8,640 8,480 
16 1 Rook phosphate and sulijhur 5,080 
2 5.000 5.040 6,760 •11,240 
17 1 Rock phosphate and p;ypsura 4,800 
2 4,680 4.740 
18 1 Rook phosphate and gypstmi 5,480 
2 5,480 5,480 5,110 -<•0.410 
19 1 Rook phosphate and lliaestoao 6,840 
2 6.840 6.840 
20 1 Rook phosphate and llvaestoiie 7.320 
2 7.040 7.180 7,010 •H.400 
21 1 Rook phospliate, line at one jiUu. aulphiir 7,720 
2 7.440 7.530 
22 n Ju Rook phoripliate, limest ,)no one. julphup 5.000 
2 5,000 5,000 6.265 -i0,745 
23 1 Rook phosphate, l:^juestone r.nd OTSiam 7,840 
2 7,840 7,840 
24 1 Rook phonphate, linioatono icid fjypataa 5.400 
2 5.800 5,600 6.720 -1-1,200 

TABLE X. 
Nitrates in Soils at Seventh Sampling. 
: t : WO3 :Average of:Averagb :V'ar'la'blon 
Pot :Lab # • 
ty 
• 
• :Duplioates :of Pots tfrom 
Ho, sNo. : Treatment :Nitrogen : 4 • •Check 
• • 0 : p,p«m« : p.p.m. t p.p.m. : p.p.m. 
1 1 Oheok 3.840 
2 4,000 3,920 
2 1 Check 6.000 
2 5,888 5,840 4,880 
3 1 Limestone 5,800 
2 5,680 5,740 
4 1 Limestone 4,400 
2 4.400 4,400 5,070 +0.190 
5 1 Siilphur 4.280 
2 4,280 4.280 
6 1 S-ulphur 7,440 
2 7. 320 7.380 5,850 +0,950 
7 1 GypB\am 6,800 
2 5.800 5,800 
8 1 Gypsum 5,400 
2 5,400 5,400 5,600 +0,720 
9 1 Roolc phosphato 4,680 
2 4,600 4 , 640 
10 1 Rock phosphato 4.440 
2 4,440 4,440 4.540 -0.340 
11 1 Limestone and svilphur 3,720 
2 3.640 3,680 
12 1 Limestone and suJ.phiAr 5,120 
2 5,120 5,120 4,400 —0,480 
13 1 Limestone and gypsvira 4,480 
n A 2 n. *• J — J% 4,480 A .-AAA 4,480 

V# 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
2 5.400 5.400 5.600 +0.720 
1 Rook phosphate 4 •680 
2 4,600 4.640 
1 Rock phospliate 4 #440 
2 4«440 4.440 4.540 -0.340 
1 Limestone and sxilphur 3.720 
2 3.640 3.680 
1 Limestone and suD.phiAP 5.120 
2 5.120 5.120 4.400 -0.480 
1 Limestone and gypsvim 4.480 
2 4.480 4.480 
1 Llmestaie and gyps-um 4.800 
2 4.080 4.840 4,660 •"0 .220 
1 Rook phosphate and sulphiu? 4.160 
2 4.320 4.240 
1 Rock phooplmte and sulphur 7.040 
2 7.040 7.040 5.640 -0.240 
1 Rook phosphate and gypsutn 4.400 
2 4.400 4.400 
1 Rock phosphate and gypsum 4.160 
2 4,320 4.240 4.320 -0.560 
1 Rook phosphate and limestone 4.160 
2 4.160 4.160 
1 Rook phosphato and limestone 5.880 
2 5.880 5.880 5.020 +0.140 
1 Rock phosphate, limestone and siilphur 5,680 
2 2,880 4.280 
1 Rock phosphate, limestone and sulphur 2.800 
2 4.320 3.560 4.400 -0.480 
1 Rock phosphate, limestone and gypsum 2.960 
2 2.960 2,960 
1 Rook phosphato, liraeotone and gypsum 4,160 
2 4,160 4.160 3.530 -0.350 

TABLE XI 
Nitrates In Soils at Eighth Sampling 
• 
• : : N(5g :Average of:Average JVariation 
Pot:Lab • • :Dupllcates:of Pots ^froDi 
No. :No. :: Treatment :Nitrogen • « • • :Gheok 
• 
• 
• : p.p.m. : p,p,m. : p.p.m. J P,P*m, 
1 1 
2 
Cheolc 2.400 
2,400 2,400 
2 1 Check 4.000 
2 3,920 3,960 3,180 
3 1 
2 
Limestone 3,520 
3,400 3,460 
4 1 Limestone 2,240 
2 3,960 3,100 3,280 +0.180 
5 1 
2 
Sulphur 3,320 
3,636 3.478 
6 1 Sulphur 2,040 
2 2,040 2.040 2,759 -0,521 
7 1 
2 
Gypsum 2,240 
2,640 2,440 
8 1 Gypsum 3,620 
2 3.612 3,066 2.753 -0,527 
9 1 
2 
Rook phosphate 4,280 
4,280 4,280 
10 1 Rook phospliate 7.800 
2 7.800 7,800 6,040 +2,760 
11 1 Limestone and sulphur 6,240 
2 6,240 6,240 
12 1 Limestone and aulpliur 6,620 
2 6,640 6,580 6,415 +3,135 
13 1 
2 
Limestone and gypsum 7.800 
7,800 7.800 

2 
• "W m • • 2,640 2,440 
8 1 Gypsum 3.520 
-0,527 2 3,612 3,066 2.753 
9 1 Rook phosphate 4,280 
4,280 2 4,280 
10 1 Rook phospliato 7.800 
+2,760 2 7.800 7,800 6.040 
11 1 Limestone and sulphur 6,240 
2 6,240 6,240 
12 1 Limestone and aulplmr 6,520 
2 6,640 6,580 6,415 +3,135 
13 1 Limestone and gyps\jm 7.800 
2 7.800 7.800 
14 1 Limestone and gjrpstjm 5,000 
2 4.800 4,900 6,350 +3,070 
15 1 Rock phosphate and sulphur 2,020 
2 2,020 2,020 
16 1 Rook phosphate and sulphur 2,160 
2 2,080 2.140 2,080 •"1, 280 
17 1 Rock phosphate and gypsum 2,860 
2 3,080 3.020 
18 1 Rock phosphate and gypsum 2.840 
2 2.720 2.780 2,930 -0,350 
19 1 Rook phosphate and limestone 7.800 
2 3.040 5.440 
20 1 Rock phosphate and limestone 2.840 
2 7.800 5,320 5,380 +2.100 
21 1 Rook phosphate, limestone and sulphur 3.760 
2 1.880 2.820 
22 1 Rook phosphate, limestone and sulphur 1,640 
2 1,640 1,640 2.230 -1,050 
23 1 Rook phosphate, limostone and gypsum 3,240 
2 3.240 3,240 
24 1 Rook phosphate, limestone and gypsiam 3.320 
2 3,240 3,280 3.260 -0.020 

-30. 
!I9ie data presented in table XII si^msiarizes tables 
IV to XI inclusive# The accompanying figures show 
graphically -^e data contained in this table* The 
grajdis in figure I# while not entirely consistent liirou^-
out the 16 weeks, do show that sulphur and gypsum had 
a tendency to depress the nitrate content of the soils• 
Figures II to IV inclusive show clearly this depressing 
influence of sulphur, The check pots and the pots 
which received limestone were clearly superior to the 
pots which received sulphur, as shown in all four figures. 
The cxirves showing the gs^ssum treatment are much like 
those of the check soils, except where the gypsum was 
used witai limestone* Gypsum, apparently, has but little 
influence on Idie formation of nitrate nitrogen under 
greei^ouse conditions, while sulfxir seems to have a 
distinctly depressing effect* 
B» The Effect of Treatment 
on the Hitrifying Power of 
the Soil, 
The data in tables XIII to XX inclusive show the 
nitrifying power of the Miami silt loam under the various 
treatments as indicated by the tests on samples drawn 
eve3?y two weeks over a period of sixteen weeks* 
TABLE XII 
Summary of the Nitrate Nitrogen In XOO gtn. 
Air-Dry Soil (p.p.Bi«) at Time of Sampling, 
s s s : : t : : 
Pot J 1 : S t 3 J 4 X 5 : 6 ; 7 J 8 
Ntmber sSampling jSaraplirxfj iSampling:Sampling :SamplingtSampling :Sampling:Sampling 
: I X : ; i : 5 
1, 2 2.005 12.034 5.030 3,255 10.500 5.520 4.080 3.180 
4 3.709 9*500 9.040 4«240 a. 970 4.940 5.070 3,880 
5, 6 5.560 5.557 5.974 2.599 8.960 4.670 5.030 2.759 
7, 8 4.420 5.031 7.290 3,342 9.100 5,570 5.600 2.753 
9,10 12.176 4.334 7.587 2,340 10.025 5.165 4.540 6.040 
11,12 3.792 4.190 4.230 1,021 4.258 4.140 4.400 6.415 
13,14 13.OSS 5.090 6. COO 3,C20 9.170 5.540 4. 060 6.350 
15,16 2,612 2,340 2.955 1,950 6,575 6.760 5,640 2.080 
17,10 2.210 3.560 7.490 4.130 9.000 5.110 4.320 2.930 
19,20 3.032 5.940 8.210 3.650 9.320 7.010 5.020 5.380 
21,22 1.110 2.290 6.110 2.110 7.770 6.266 4.400 2.230 
23,24 2.617 4.340 8,576 2,248 5.860 6.720 3.530 3.260 
-32. 
The data in table XIII v;iiich were seciired on the 
first sauiples, are instructive# It is very evident 
that the soils receiving limestone alone, or in com­
bination had a hi^ nitrifying power. This holds for 
all pots excepting 13 and 14 where gjpsvaa was applied 
with limestone. Here tlie data were not sufficient to 
warrant a conclusion. If a comparison is nade of 9 and 
10, 15 and 16, 17 and 18 it seems as if sulphur and 
gypsum depressed the nitrifyiiig power of this soil when 
these materials were applied with, rock phosphate. Data 
from pots 19 and 20 suggest tiiat rock phosphate was 
as valuable in promoting nitrification of amraonixxa sul­
phate as was limestone. 
The data in table XIV were secured at the second 
sampling. Eiey show that all the treatments, except 
sulphur alone, favorably influenced the nitrifying power 
of this soil. Gypsum alone produced the least effect 
of any of the treatments. Limestone alone did well, 
but when combined with sulphur its value was very mat­
erially lessened. Limestone and gypsum combined pro­
duced just the same effect as limestone alone. All of 
the rock phosphate treatments gave approximately the 
same results. Since limestone was included in these 
combinations, it seems that this similarity of results 
TABUS XIII 
Effect of Treatment on Nitrification. 
• 
• 
• 
• :Average of:Average tVariation 
Pot :Lab • • • • :Duplioates :of Pots :frc«n 
Ho. ! No .  J  Treatment :Nitrogen : t :Check 
• 
• 
• 
• : p#p.m« • p.p.m. : p.p.m. : p.p.m. 
1 1 Check 4.950 
2 4.975 4.967 
2 1 Check 3.033 
2 2.777 2.905 3.934 
5 1 Limestone 50,000 
2 37.500 43.750 
4 1 Limestone 60.000 • 
2 31.850 40.625 42.187 38.252 
5 1 S\ilphur 10.000 
2 8.333 9.166 
6 1 Sulph\ir 8.333 
2 7.142 7.737 8.452 4.5179 
7 1 Gyp SIM 14.583 
2 16.666 15.624 
8 1 Gypsum 16.666 
2 16.666 16.666 16.145 12.211 
9 1 Rook phosphate 22.500 
2 25.000 23.750 
10 1 Rook phosphate 50.000 
2 50.000 50.000 36.875 32.941 
11 1 Limestone and sulphur 25.000 
2 25.000 25.000 
12 1 Limestone and sulphur 25.000 
2 25.000 25.000 25.000 21.066 
13 1 Limestone and gjpavm Lost 
2 Lost Lost 
14 1 Limestone and farpsum Lost 

r JL \xyiJ0uui 
2 
8 1 Gypsum 
2 
9 1 Rook phosphate 
2 
10 1 Rook phosphate 
2 
11 1 Limestone and sulphur 
2 
12 1 Limestone and sulphur 
2 
13 1 Limestone and gypsum 
2 
14 1 Limestone and gypsum 
2 
15 1 Rock phosphate and sulphur 
2 
16 1 Rock phosphato and sixlphur 
2 
17 1 Rook phosphato and gypsum 
2 
18 1 Rook phosphate and gypsum 
2 
19 1 Rock phosphato and limestone 
2 
20 1 Rook phosphate and limestone 
2 
21 1 Rock phosphate- limestone and sulphur 
2 
22 1 Rock phosphate, limestone and sulphur 
2 
23 1 Rock phosphate, limestone and gypsum 
2 
24 1 Rock phosphate, limestone and gypsum 
2 
16.666 
16,666 
16.666 
22,500 
25.000 
50.000 
50.000 
25.000 
25.000 
25.000 
25,000 
Lost 
Lost 
Lost 
6.071 
11,136 
13.332 
12.500 
16.666 
20,833 
20.833 
25,000 
25.000 
37,500 
37.500 
25.000 
37.500 
25.000 
25.000 
25.000 
16.666 
37.500 
25.000 
25.000 
37.500 
15.624 
16.666 
23.750 
50.000 
25.000 
25.000 
Lost 
6.071 
12.234 
14.528 
20.833 
25,000 
37.500 
31.250 
25.000 
20.833 
31.250 
31.250 
16.145 
36.875 
25.000 
6.071 
13.381 
22.916 
34.375 
22.916 
31.250 
12.211 
32.941 
21.066 
2.137 
9.447 
19.032 
30.441 
18.928 
27.316 

I'ABLK XXV 
Effect of Treatment on Nitrification. 
: : ' t Wis' :Average of: Average;variation 
Pot ;Lab: • • :Dupllcates j of Pots.:from 
No. :No. t Treatment :Nitrogen : : tCheck 
t : : p.p.m. : p,p,m, t p,p,m, : p.p.m. 
.1 1 Olieok 16,666 
2 16.666 16,666 
2 1 Oheok 16,666 
2 16,666 16.666 16,666 
5 1 Limestone 50,000 
2 37,600 43,750 
4 1 Limestone 50,000 
S 37.500 43,750 43,750 27,084 
5 1 Sulphur lOiOOO 
2 10,000 10.000 
6 1 Svilphur 10,000 
2 8,333 9,166 9.583 -7,083 
7 1 Oypston 16.666 
S (55.000 20.833 
8 1 Gyp sum 25,000 
2 20.833 22,916 21,874 5.208 
9 1 Rook pliosplmte 25.000 
3 37,500 31,750 
10 1 Rook phosphate 25.000 
2 25.000 25,000 28,375 11,709 
11 1 Limestone and sulphup 25.000 
2 25,000 25,000 
12 1 Limestone and siilphiir 25.000 
2 25.000 25.000 25,000 8.339 
13 1 Limestone and gypsum 25,000 
2 50.000 37.500 

8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
a 
1 Gypsum 
2 
1 Rook phosphate 
2 
1 Rook phosphate 
2 
1 Limestone and sulphur 
2 
1 Limestone and sulphur 
2 
1 Limestone and gypsum 
2 
1 Limestone and gypsum 
2 
1 Rook phosplmto and sulphur 
2 
1 Rook phosphate and sulphur 
2 
1 Rock phosphate and gypstsn 
2 
1 Rook phosphate and gypsum 
2 
1 Rook phosphate and limestone 
2 
1 Rock phosphate and limestone 
2 
1 Rock phosphate, limestone and sulphur 
2 
1 Rock phosphate, limestone and sulphur 
2 
1 Rock phosphate, limestone and gypsum 
2 
1 Rook phosphate, limestone and gypsum 
2 
?jn,uuu 
25,000 
20.833 22,916 21,874 5,208 
25,000 
.'57,500 31^750 
25,000 
25,000 25,000 ' 28,375 11,709 
25,000 
25,000 25,000 
25,000 
25,000 25,000 25,000 8,339 
25,000 
50,000 37,500 
50,000 
50,000 50,000 43,750 27.084 
50.000 
50,000 50,000 
50,000 
50,000 50,000 50,000 33,334 
50,000 
50,000 50,000 
60,000 
50,000 50,000 50,000 33,334 
50,000 
50,000 50,000 
50,000 • 
50,000 50,000 50,000 33,334 c
 
o
 
c
 • 
o
 
50,000 50,000 
50,000 
50,000 50,000 50,000 33,334 
5o;ooo 
50,000 50,000 
50,000 
50,000 50,000 50,000 33,334 
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was probably due to its presence. However, tiie results 
obtained vrita. rock phosphate ccabined with either 
sulphur or gypsum could not be explained on this basis# 
The data in table JIV, obtained at the third 
sanpling, shoft* that s'olpiror arid gypsum exerted a de­
pressing influence on tlie nitrifyiag power of this soil. 
In the soil from pots 5 and 6, 7 and 8, 15 and 16, 
17 and 18 there was a definite decrease. In the soils 
from pots 21 and 22 it appeared that sulphur retarded 
nitrification even though it was applied in combination 
wilih limestone. However, in the soils from pots 11 
and 12^ IS and 14 the limestone apparently overcame 
the depressing effect cf the gypsum and sulphur. 
The results secured at the fourtda sampling are 
given in table XVI. These data show that limestone 
increased 1^e nitrifying power of this soil# All tSie 
other treatcients, except rock phosphate alone and line-
stone and sulphur in coiabination depressed the power of 
this soil to nitrify amoniuia sulphate. It is clearly 
evident that sulph-ar and gypsun depressed the nitrify­
ing power. At the preceding ssnpiing, tiie linestone 
prevented any injurious effect from the siilphur» Here 
however, the sulphur-oxidizing organism were evidently 
TABLE XV 
Effeot of Treatment on Hltrifloatlon, 
: : : N63 :Average of:Average :Varlatloii 
Pot iLat) • # • • :Duplicat0s:of Pots :froni 
No. :Ko, I Treatment :Nitrogen • • 0 • :Check 
: 1 TD.O.m. : p.p.m. ! p.p.m. 1 p.p.m. 
1 1 
2 
Check 50.000 
60.000 50.000 
2 1 Check 50.000 
2 50.000 50.000 50.000 
3 1 
2 
Liiino stone 50.000 
50.000 50.000 
4 1 Limestone 50.000 
2 50.000 50.000 50.000 0.000 
5 1 Siaplxuu? 16.666 
2 20.835 10.749 
6 1 Sulphur 14.633 
2 14.533 14.533 16.641 -33.359 
7 1 Gypsm 20.833 
2 50.000 35.416 
8 1 Qypsum 50.000 
2 50.000 50.000 42.708 - 7.292 
9 1 
2 
Rock Phospliate 50.000 
50.000 50.000 
10 1 Rock Phosphate 50.000 
2 50.000 50.000 50.000 0.000 
11 1 Limestone and sulphur 50.000 
2 50.000 50.000 
12 1 Ljjneatone and sulphur 50.000 
2 50.000 50.000 50.000 0.000 
13 1 Limestone and gypstun 50.000 
2 50.000 50.000 
14 1 Limestone and gyp sua 50.000 
2 50.000 50.000 50.000 0.000 
IK 1 Rnalr janrl mil 

7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
a 
1 Oypsinn 20.833 
2 50,000 35.416 
1 Gypsum 50.000 
2 50.000 50.000 42.708 - 7 .292 
1 Rock Fhosplmte 50.000 
2 50.000 50,000 
1 Rock PhoBpliate 50.000 
50,000 2 50,000 50.000 0 .000 
1 Limestone and sulphur 50.000 
S 50.000 50.000 
1 Limestone and sulphur 50.000 
2 50.000 50,000 50.000 0 .000 
1 Limestone and gypsum 50.000 
2 50.000 50.000 
1 Limestone and gypstci 50.000 
2 50.000 50.000 50.000 0 .000 
1 Rook phosphate and siilphui» 16.666 
2 16.666 16.666 
1 Rock phosphate and sTjlphai» 18.750 
2 18.750 18.750 17.708 -32 .292 
1 Rock phosphate and gypsinn 20.833 
2 25.000 22.911 
1 Rock phosphate and gypsum 50.000 
2 50.000 50,000 36,455 -13 ,545 
1 Rook phoaplmte and limostone 50.000 
2 50.000 50.000 
1 Rock phosphate and limestone 50.000 
2 50.000 50.000 50.000 0 .000 
1 Rock phosplmte^ limestone and sulphur 25,000 
2 50.000 37.500 
1 Rock phosphate, llrdestone and siilphur 50.000 
2 25.000 37.500 37.500 -12 .500 
1 Rook phosphate, lluiestone and i^ypsum 50.000 
2 50.000 50,000 
1 Rook phosphate, limestone and gypsum 50.000 
2 50.000 50.000 50.000 0 .000 

TABLE XVI 
Effeot of Treatment on Nitrification 
: • • : Ws :Average of:Average :Vai'latlon 
Pot tLab: • « iDuplioatea :of Pots :frc^ 
No. J Ho. t Treatment :Hitroi?en • • m • :Check 
• 
• J ; p,p.ra» : p.p.m. :p.p.m. : p.p.m. 
1 1 
2 
Cliock 25.000 
30.000 27.500 
2 1 O ho ok 27,500 
2 21.428 24.464 25,982 
3 1 
2 
Limostone 33.750 
27.500 31.125 
4 1 Limestone 80.000 
2 50.000 50.000 40.562 14.580 
5 1 
2 
Stilphtxr 21.428 
20.009 20.258 
6 1 Sulphur 17.708 
2 19.047 18,377 19.328 - 6.654 
7 1 Gyp Slim 43.750 
2 23.214 33,482 
8 1 Gypsum 253.750 
2 27,500 30.625 32.053 6.071 
9 1 
2 
Rock phos|)liate 30.000 
30.000 30.000 
10 1 Rook phosphate 30.000 
2 30.000 30.000 30.000 4.018 
11 1 Limestone and six3.pliur 30.000 
2 33.750 31.875 
12 1 Limestone and sulphvir 30.000 
2 30.000 30.000 30.987 5,005 
13 1 Limestone and gypsum 16.666 
2 13.333 14.999 
14 1 Limestone and gypsum 13,333 
2 - . n «  

8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
10 
19 
20 
21 
22 
23 
1 aypsmn 
2 27.500 30.625 32 .053 6 .071 
1 Rock phosialiato 30.000 
2 30.000 30.000 
1 Rock phosphate 30.000 
2 30.000 30.000 30 .000 4 .018 
1 Limestone and oxxlpliur 30,000 1  
2 33.750 31.875 
1 Limestone and sulphur 30.000 
2 30,000 30.000 30 .987 5 .005 
1 Limestone and gypsum 16.666 
2 13,333 14.999 
1 Limestone and gypsum 13,333 
2 13,333 13.353 14 .166 «11 .816 
1 Rock phosphate and sulphur 6.714 
2 6.714 5.714 
1 Rook phosphate and sulpiiur 5.357 
2 6.190 5.773 5 .743 -20 .239 
1 Rook phosphate and gy|5s\«n 8.000 
2 9.000 8,500 
1 Rook phosploate and gypsum 8,000 
2 8.000 8.000 8 .250 -17 .732 
1 
P  
Rook phospliate and limestone Lacking 
i t  
1 Rock phosphate and limestone 13.333 
2 13,333 13.333 13 .333 -12 ,149 
1 Rook phospliate, limestone and siaphur 13.333 
2 10.000 11.666 
1 Rock phospliate, limestone and sulphur 9,000 
2 7.333 8.166 9 .916 -16 .066 
1 Rock phosphatej limestone and gypsum 11.666 
2 10,000 10.833 
1 Rock phosphate, limestone and gypsum 10,000 
2 13.333 11,666 11 .249 —14 .733 
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exertlng tiieir tnnylTinmi influence and the quantity of 
limestone which was applied was not sufficient to over-
corn© Idle injupioufl effect of the acidity produced by 
the oxidation of the sulphur. 
!Qi6 data from the fifth sampling are shown in 
table xni* According to the data in this table, lime­
stone favored the nitrifying power of this soil. This 
was true for example, in the soil from pots 3 and 4, 
13 and 14, 19 and 20, 21 and 22, 23 and 24« Sulphur 
alone depressed the nitrifying power, while gypsum 
alone had but little influence# There is every evidence 
•Kiat sulphur and gypsum alone or in combination, lower­
ed taie nitrifying power of this soil. However, when 
applied with limestone their negative influence was 
largely overcome. 
She results in table XVIII were secured at the 
slxtii sampling* Here again limestone showed the posi­
tive value of such a base in promoting the nitrifying 
power of the soil. Sulphur gnd gypsum on the other hand 
were clearly injurious, except in the soils In pots 13 
and 14, 15 and 16, 17 and 18* And here limestone and 
rock phosphate must have had an ameliorating influence. 
It is interesting to note that sulphxar, even when 
applied with limestone, depressed the nitrifying power 
TABLE XVII 
Effect of Treatment on Nitrification, 
i : , HO3 
• 
• 
J Average ol'iAVorage jvai'iation 
Pot:Labt zDupllcates: of Pots :from 
Ho. :llo. t Treatment ;Nitrogen : : :Check 
: : : p.p.m. : p.p.m. p.p.m. : p.p.m. 
1 1 
2 
Check 13.375 
18.760 16,062 
2 1 Checlc 27.500 
2 25.000 26.750 21,406 
3 1 
2 
Limestone 37.500 
33.750 35.625 
4 1 Limestone 33.750 
2 37,650 35.700 35,662 14,256 
5 1 
2 
Sixlphur 21,428 
23.214 22.321 
6 1 Sulplmp 18.750 
S 18.750 18,750 20,535 -0,871 
7 1 Gypsum 27.500 
2 21,428 24.464 
8 1 Gypsum 20.089 
2 20.089 20,892 22,276 ,870 
9 1 Rook phosphate 14.708 
2 21,428 18,063 
10 1 Rock phoaplmte 20,089 
2 20.089 20.089 19,076 -2,330 
11 1 Limeatone and sulpliur 18.750 
2 21.428 20.089 
12 1 Limeatone and siilphur 21,428 
2 20.089 20,258 20,174 -1.232 
13 1 
2 
Limeatone and gypsum 33.750 
37.500 35.625 
14 1 Limestone and gypsum 33.750 
2 37.500 35.625 3i5.625 14.219 1 K 1 and SilXnloui? 25.000 

v i vrypsuin 
2 
8 1 Gypsum 
2 
9 1 Rook phosphate 
2 
10 1 Rock phospliate 
2 
11 1 Limestone and sulphur 
2 
12 1 Jaimeatone and sulphur 
2 
13 1 Limestone and gypsum 
2 
14 1 Limestone and gypsum 
2 
15 1 Rock phosphato and milphur 
2 
16 1 Rook phospliate and sulphur 
2 
17 1 Rook phospliate and gy][:)3um 
2 
18 1 Rook phosphato and gypsvun 
2 
19 1 Rook phospliate and limestone 
2 
20 1 Rock phosphato and limestone 
2 
21 1 Rock phospliate, limestone and sulphur 
2 
22 1 Rook phosphate, limestone and sulphur 
2 
23 1 Rock phosphate, limestone and gypsum 
2 
24 1 Rook phosphato, limestone and gypsum 
2 
21.428 24 ,464 
20,089 
20.089 20 .892 
14,708 
21.428 18 .063 
20.089 
20,089 20 ,089 
18,750 
21.428 20 .089 
21,428 
20.089 20 ,268 
33,750 
37,500 35 ,625 
33.750 
37.500 35 ,625 
25,000 
23,214 24 ,107 
21,875 
23,214 22 •544 
25,000 
23,214 24 
>
 
o
 
H
 • 
25,000 
25.000 25 
o
 
o
 
o
 
50,000 
37.500 43 ,750 
30,000 
33,750 31.875 
30.000 
30.000 30 
o
 
c
 
o
 • 
27.500 
30,000 28 
o
 
to >
 • 
30,000 
27,500 28 ,750 
27,500 
33.750 30 ,625 
22.276 ,870 
19,070 -2,330 
20.174 -1,232 
38.626 14,219 
23,325 1,919 
24.563 3,147 
37.812 16.406 
29,875 8.469 
28,687 0.281 

TABL]-: XVIII 
Effect of Treatment on Nitrification. 
t t t SJO3 : Average oft: Average :Variatl6n 
Pot J Lab • • • • xDuplioates :of Pots tfrom 
No, :No. ; Treatment :Nitrogen • • • • ;Check 
• 
• 
%  
9  : p,p.m. : p.p.ra. : p.p.m. : p.p.m. 
1 1 
2 
Che Ok 25,500 
25,000 25.250 
S 1 Check 20.500 
2 22,000 21.250 23.250 
3 1 
2 
Limestone 40,500 
39.000 39.750 
4 1 Limestone 38,000 
2 36,000 37.000 38,375 15,125 
6 1 Sulphur 23.500 
2 25,000 24.250 
6 1 Sulphur 15,000 
2 10,000 12.500 18.375 -4.875 
7 1 
2 
Oypsum 18,000 
25,000 21.500 
8 1 Gypsum 23.000 
2 23.000 23,000 22.250 -1,000 
9 1 
2 
Rock phosphate 23,000 
23,000 23,000 
10 1 Rook phosphate 20,500 
2 19.500 20,000 21.500 -1,750 
11 1 Limestone and sulphur 18.500 
2 17,000 17,750 
12 1 Limestone and sulphur 17,500 
2 18,000 17,750 17,750 -5,500 
13 1 Limestone and gypsum 35.000 
2 37,000 36,000 
14 1 Limestone and gypsum 30,000 
2 34,000 32,500 34,000 10,750 
16 1 Rock phospliate and sulphur 32,000 

9 
2 
1 
P 
Rock phosphate 
10 1 p Rock phosphate 
11 1 
o 
Limestone and sulphui* 
12 1 
o 
Limestone and stilphur 
13 1 p Limestone and gypsum 
14 1 p 
Limestone and gypsum 
15 1 
p 
Rock phosplmte and sulphur 
16 1 p Rock 
phosphate and sulphur 
17 1 p 
Rock phosphate and gypaum 
18 1 p Rook phosphate and gypsion 
19 1 p Rock phosphate and limestone 
20 1 p Rock phosphate and linestone 
21 1 
2 
1 p 
Rock phosphate, limestone and 
22 Rook phosphate, limestone and 
23 1 p Rock 
phosplmte, limestone and 
24 1 
2 
Rock phospliate, limestone and 
23,000 
23.000 
23.000 
20.500 
19.500 
18.500 
17,000 
17.500 
18.000 
35.000 
37.000 
30.000 
34.000 
32.000 
26.500 
25.500 
25.500 
84.000 
29.000 
29.000 
34.500 
30.000 
33.000 
20.000 
30.000 
24.000 
30.000 
27.000 
13.500 
19.500 
18.000 
12.000 
12.000 
23.000 
23.000 
20.000 
17.750 
17.750 
36.000 
32.500 
29.250 
25.500 
26.500 
31.250 
31.500 
25.000 
27.000 
20.250 
18.750 
12.000 
22.250 
21.500 
17.750 
34.000 
27.375 
28.875 
28.250 
23.678 
15.375 
-1.000 
-1.750 
-5.500 
10.750 
4.125 
5.625 
5.000 
0.428 
-6.875 
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of the soil at this sailing. 
Eie results secured at the seventh sampling appear 
In tahle XIX» The data as in the case of the earlier 
saiaplings show clearly the favorable influence of 
limestone. But the other treatments did not show the 
retarding Influence which was characteristic of them 
at previous samplings# Here it is worth while to note 
the actual depressive power of gypsxmi as it was shown 
in the soils from pots 17 and 18, and 23 and 24• All 
other trealments, excepting that in pots 21 and 22 
showed a sli^t favorable influence. 
In table XX, appear the results obtained at the 
el^l^ sampling. Here are data which show a peculiar 
trend. The soils in pots 2 to 12 inclusive show a very 
hi^ nitrifying power. Why the resiats on the soil from 
pot 1 should be so low is difficult to explain. It must 
be an error since they are far below ISiose secured on 
the soil from any o-Hier pot. If they a3?e discarded, 
every treatment in the entire series has a negative 
effect, gypsuxQ as shown in pots 7 and 8 being an excep­
tion. It must be noted too, that the soils in pots 2 
to 12 inclusive were very much higher in nitrifyiiig 
power than those from 13 to 24 inclusive. Since all 
conditions are uniform this is difficult to explain. 
No, 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
15 
14 
15 
T A B I i E  X X K  
Effect of Treatment on Nitrification. 
r~TCr" :Average of;Average xVariatlott 
: :I>uplioatep:of Pots 
: Nitrogen t : 
i , .  P,iP.f,Pi.,^  
: : 
:Lab: 
jHo.: 
: t 
Treatment 
zfrom 
;Check 
p.p.m. ; 
1 Check 19.166 
2 23.333 21.249 
1 Check 22.499 
2 22.499 22.499 21.824 
1 Limestone 35.833 
2 43.333 39.583 
1 Limestone 44.166 
2 40.832 42.499 41.041 2.0217 
1 SiHphur 27.499 
2 25.000 26.249 
1 Siilphxir 28.333 
2 25.833 27.083 26.666 4.842 
1 Qypsm 25.000 
2 25.000 25.000 
1 Gypsum 27.499 
2 24.766 25.833 25.416 3.592 
1 Rook phosphate 25.000 
2 25.000 25.000 
1 Rock phosphate 25.833 
2 25.833 25.833 25,416 3.592 
1 Limestone and sulphur 28.333 
2 20.666 27.499 
1 Limestone and sulphur 27.500 
2 25.833 26.666 27.083 5.259 
1 Limestone and gypsum 38.333 
2 35.833 37.083 
1 Limestone and gypsum 34.999 
2 36.666 35.333 36.208 14.184 
1 Rock phosphate and sulphur 17.500 
2 
— m  »  m  m m  
12.500 
n  M S  AiXA 
15.000 

2 
8 1 OypsTAm 
2 
9 1 Rook phosphate 
2 
10 1 Rock phosphate 
2 
11 1 Limestone and sulphur 
8 
18 1 Limestone and sulphur 
2 
15 1 Limestone and gyDSTam 
2 
14 1 Limestone and gypsum 
2 
15 1 Rock phosphate and sulphur 
2 
16 1 Rock phosphate and sulphur 
2 
17 1 Rook phosiDhato and gypsian 
8 
18 1 Rock phosphate and gypsum 
2 
19 1 Rock phosphate and limestone 
8 
20 1 Rock phosphate and limestone 
2 
21 1 Rock phosphate, limestone and sulphur 
2 
22 1 Rook phosphate, limestone and sulphur 
2 
23 1 Rock phosphate, limestone and gypsum 
2 
24 1 Rock phosphate, limestone and gypsum 
8 
25.000 
27.499 
24.766 
25.000 
25.000 
25.833 
25.833 
28.333 
26.666 
87.500 
25.833 
38.333 
35,833 
34.999 
36.666 
17.500 
12.500 
15.000 
13.750 
13.750 
17.500 
15.000 
13,750 
26.250 
87.500 
31.250 
30.000 
20.000 
20.000 
20.000 
20.000 
20.000 
20.000 
20.000 
25.000 
25.000 
25.833 
25.000 
25.833 
27.499 
26.666 
37.083 
35.333 
15.000 
14.375 
15.625 
14.375 
86.875 
30.625 
20.000 
20.000 
20.000 
22.500 
25.416 
' 25.416 
27.083 
36.208 
14.687 
15.000 
28.750 
20.000 
21.250 
3.592 
3.592 
5.259 
14.184 
20.217 
-7.137 
7.926 
-1.824 
-0.574 

TABLE XK 
Effect of Treatment on Hltriflcation. 
t t :Average of;Average tVariation 
Pot JLab: iNitrogen 
• 
:Duplioateseof Pots :from 
No. :No. t Treatment • : ; check 
• 
• : p.p.m. » p.p.m. J p.p.m. : p.P.m. 
1 1 
2 
Check 25.000 
25.000 25.000 
2 1 Check 112.000 
2 120.000 116.000 70.500 
3 1 
2 
Limestone 122.500 
115.000 118.750 
4 1 Limestone 100.000 
2 100.000 100.000 109.375 38.885 
5 1 
2 
Sulphur 87.500 
100.000 93.750 
6 1 Sulphur 133.500 
2 127.500 130.500 112.125 41.500 
7 1 
2 
Gypsum 117.500 
116.000 116.250 
8 1 Gypsum 127.500 
2 127.500 127.500 121.875 51.250 
9 1 
2 
Rock phosphate 115.000 
130.000 122.500 
XO 1 Rook phosphate 112.500 
2 100.000 106.250 114.375 43.750 
XI 1 
2 
Limestone and sulphur 105.000 
125.000 115.000 
X2 1 Limestone and sulphixr 115.000 
2 117.000 116,250 115.625 42.000 
13 1 
2 
Limestone and gypsum 42.000 
38.000 40.000 
14 1 Limestone and gypsum 40.000 
2 36.000 38.000 39.000 -31,526 
15 1 
2 
Rock phosphate aid sulphur 48.000 
45.000 46.500 

8 1 Grypsum 
2 
9 1 Hock phosphate 
2 
10 1 Rook phosphate 
53 
11 1 Limestone and sulphur 
S 
12 1 Limestone and sulphur 
2 
13 1 Limestone and gypsum 
2 
14 1 Limestone and gypsum 
2 
15 1 Rook phosphate atid sulphur 
2 
16 1 Rock phosphate and sulphtir 
2 
17 1 Rock phosphate and gypsum 
2 
18 1 Rock phosphate and gypsum 
2 
19 1 Rock phosphate and limestone 
2 
20 1 Rock phospliate and limestone 
2 
21 1 Rock phosphate, limestone and sulphur 
2 
22 1 Rock phosphate, limestone and sulphur 
2 
23 1 Rook phosphate, limestone and gypstcn 
2 
24 1 Rock phosplaate, limestone and gypsum 
9 
12»/.500 
127.500 
115.000 
130.000 
112.500 
100.000 
105.000 
125.000 
115.000 
117.000 
42.000 
38.000 
40.000 
36,000 
48.000 
45.000 
53.000 
53.000 
50.000 
55.000 
40.000 
38.000 
40.000 
40.000 
36.000 
38.000 
53.000 
47.000 
38.000 
38.000 
41.000 
42.000 
40.000 
45.000 
187.500 
122.500 
106.250 
115.000 
116.250 
40.000 
38.000 
46.500 
53.000 
52.500 
39.000 
40.000 
37.000 
50.000 
38.000 
41.500 
42.500 
121.875 
114.375 
115.625 
39.000 
49.750 
45.750 
38.500 
44.000 
42.000 
51.250 
43.750 
42.000 
-31.526 
-20.875 
-24.875 
-32.125 
-26.625 
-28.625 
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The suljdmr and gypsum alone or in combination liave, 
throu^out tiie previous samplings shown a tenderxcy to 
lower the nitrifying power of the soil. Ihe data se­
cured on the soils frcaa pots 13 to 24 inclusive, further 
emphasize this tendency* Yet, the injurious effects 
of limestone and rock phosphate coxild not be charged to 
sulphur* 
•Ih© data in table :XXI are a sumary of those in 
table XIII to XX inclusive* From these data the figures 
were prepa2*ed to show the results graphically. These 
graphs are worthy of careful study. The characteristic 
favorable influence of limestone is shown in figures 5, 
6 8, while the depressing irifluence of sulphur and 
gypsim is set forth in figures 5 and 8. 
®ie graphs shew also, the cycle of bacterial activ­
ity. Figure 5 shows that limestone and rock phosphate 
at the first sampling were very beneficial to the ni­
trifying bacteria. This saaipling was iiade tY#o v/eeks 
after the treatment. The first peak of production 
occurred at the third sampling. Then followed a limita­
tion of the nitrifyir-g power until the seventh sampling. 
A rapid increase in nitrate production began at this 
sampling. It would have been instructive to have followed 
this change throu^ until the aaxiatum was attained. Such 
TABLE XXI 
SuHffrtary of the Nltratea Produood in 
100 gm. Air-Dry Soli (p*p.m.)^ 
(Nitrifying Power)* 
}  :  t  t  t  :  t  t  
P o t  X  1  t  2 i 3  :  4  :  5 i  6  t  7 x  8  
Number tSampling tSampllng (Sampling{Sampling tSamplingsSampling sSamplingtSampling 
I : t ; t t t I 
1, 2 3,9S4 16.666 50.000 25,982 21.406 23.250 21.824 70.500 
3, 4 42.187 43.750 50,000 40.562 35.662 38.375 41.041 109.375 
6 8.45S 9.583 16.000 19.328 20.535 18.375 26.666 11S.X25 
7, 8 16.145 21.874 42.708 32,053 22.276 22.250 25.416 121.875 
9,10 36.875 28.375 50.000 30.000 19.076 21.500 25.416 114.375 
11,12 26,000 25.000 50.000 30.987 20.174 17.750 27.083 115.625 
15,14 6.071 43.750 50.000 14.166 35.625 34.000 36.208 39.000 
15,16 13.381 50.000 17.708 5.743 23,325 27.375 14.687 49.750 
17,18 22.916 50,000 36.455 8,250 24.553 28.875 15.000 45.750 
19,20 34.375 50.000 50.000 13.333 37.812 28.250 28.750 38.500 
21,22 22.916 50.000 37.500 9.916 29.875 23.678 20.000 44.000 
23,24 31.250 50.000 50.000 11.249 28.687 15.375 21.250 42.000 
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was not possible vmder the plan of this experiiaent. 
Figure 6 shows the same trend in nitrifylag power 
as does figure 5• Limestone alone and lliescone in 
combination with g^rpstua exerted somewliat sisiilar in­
fluences# The limestone and gypsina treataient, however, 
followed-the limestone alone. It is iiitereating to 
note here that sulphur in the liaestone-sulphur treatment 
retarded the nitrifying activity and that -Uie upward 
trend was two weeks behind that of the limestone alone, 
or the limestone and gypsua conbined. 
The graphs in figure 7 are again very clear cut# 
The maximuin activity for all pots was nearly the saae, 
53ie treated pots, however, attained their i-iaximua two 
weeks before the checks. The rock phosphate and lime­
stone pots maintain the hi^ level for two weeks after 
which their coiarse was soae'sriiat like that of the pots 
receiving suljihur and gypsum In combination with, rock 
phosphate. After the seventii sampling a period of activ­
ity followed but the various treatnients were very similar. 
Figure 8 shows that rock phosphate and IL^estoiae in 
combination with either sulphur or gypsum promoted a 
hi^ nitrifying power at the second saapli-ig, four weeks 
after treatment. The influence of the oorabinations de­
creased rapidly while the gypsum combinations held at 
.47. 
the raaxtimna production until the third sampling when 
they rapidly decreased* During the subsequent samplings, 
the combinations paralleled limestone but these were 
far less effective in promoting the nitrifying power. 
!Qi9 results shown by l^ese graphs are reasonably def 
inito. -Limestone uniformly increased ttx© nltriTying 
power of this soil. Other soils have shown similar re­
sults. Ames, J. Wa, and Richmond, T* S. (4) state that 
the "maxinma production of nitrate^nitrogen in acid silt 
loam occurred where calcium carbonate was added in amount 
sufficient to satisfy the soil's requirement for base". 
The influence of sulphur on nitrification was as 
definite as the influence of limestone. Sul^^ur when 
applied alone consistently depressed the nitrifying power 
However J i^en added with limestone it was less injurious* 
Ames, J. W. and Richmond, T«S. (4), cite data which is 
in harmony with that presented in these graphs. They 
found that sulphur depressed nitrification. Ames (6) 
found that sulphur alone or coabined with calcium car­
bonate depressed nitrification. 
Qypsum alone and in combination fluctuated about 
-ttie checks. In general it has but little influence in 
promoting the nitrifying power of this soil. These re­
sults are in agreement with those obtained by Erdman (45) 
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He summarizes Ms work on the relation of gyps-un to 
nitrification as follows; "Considering the general 
average of all samplings, it is evident that gyp sua when 
used in amounts frcm 100 to 1000 pounds per acre 
exerted no appreciable effect on the nitrification of 
anraonium sulphate, while larger applications of 1500 to 
10,000 poiinds per acre had a sli^tly depressing effect." 
Singji <128) secured results similar to those secured 
"by Erdman. Various quantities of gypsum were applied 
to Miaai silt loam. The nitrifying power of the soil 
was uniformly decreased. 
C , Sulphate-Sulphur at 
Various Samplings* 
In the following tables, XXII to XIX inclusive, 
will be found results showing the siilphate content of 
•Hie variously treated soils at the different samplings* 
results in table XXII wei^ seciared at the 
first sampling. All the treated soils showed a greater 
amount of sulphates than the cheeks* Limestone alone 
or in combination with rock phosphate substantially in­
creased the sulphate content* In the soils treated 
witii gypsum alone or in ccsnbination witdi limestone or 
with sulphur or with limestone and rock phosphate 
TABIiE XXII 
Sulphat0-3ulphur in 100 gta, of Air-dry 
Soil at First Sampling. 
Pot 
8Sulphate tSulphate :Variation 
Treatment 
:Sulphur :Sulphur in J from 
Hmnber jper Pot jDupllcate :Check 
ft 
• :Pota • • 
: mgm. : mgta* X mRm. 
1 Check 34.000 
2 30.600 32.300 
5 Limestone 46.000 
4 44.000 45.000 12.700 
5 Sulphur 20.000 
6 50.000 39.000 7.000 
7 Oypsum 44.000 
8 27.200 35.600 3.300 
9 Rock phosphate 55.000 
10 55.000 55.000 25.000 
11 Limestone and sulphur 54.000 
12 37.600 45.800 13.500 
15 Limestone and gypsum 48.000 
14 43.000 45.500 13,200 
15 Rock phosphate and sulphur 31.600 
16 59.000 45.300 13.000 
17 Rock phosphate and gypsum 23.300 
18 41.800 32.800 0,500 
19 Rock phosphate and limestone 63.000 
20 31.600 47.300 15.000 
21 Rook phosphate, limestone and sulphur 31.600 
22 53.400 42.500 10.200 
25 Rook phosphate, limestone and gypsum 44.000 
24 31.000 37.500 5.200 
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•Siere was less sulphates than in the soils treated witii 
sulphur alone or in combination. 
The results secured at tiie second sampling appear 
in table XXIII. In this table the data show that all 
treated pots contained more sulphates than the check 
pots. -The soils which received limestone alone or lime­
stone in combination with sulphur or gypsum were hi^ 
in sulphates# The rock phosphate treated soil was hi^ 
while with rock phosphate and sulphur combined, the 
sulphate content was 8c€ui>cely higher than in the check 
soils* Rock phosphate and gypsum combined brought 
about more sulphate production than gypsum alone* Rock 
phosphate when applied with limestone and sulphur or 
with limestone and gypsum led to no more sulphate pro­
duction than did stilphur and gypsum alone* 
Hie results obtained at tiie thii»d sampling are shown 
in table XXIV* The data in this table are in sharp con­
trast to those in *^6 two preceding tables* Here in 
the soils in pots 7 and 8^ 11 and 12, 13 and 14, 15 and 
16, 17 and 18, 23 and 24 a depression in sulphate con­
tent over the checks was noted* Kie liiiestone and sul­
phur treatment increased the sulphate content slightly. 
Certainly the bacterial activity during this interval 
between the second and -Hiird samplings was very low* 
• I . . '  .J. •! • , IIIP*^——I —^1— Ml i i w—. -• - _ ' i iii '^ti 
TABIiE XXIll 
Sulphate-sulphur In 100 gm« of Air-
Dry Soil at Seoond Sampling, 
1 
Pot 
X }Sulphate :lSulphato sVarlatlon 
X :Sulphur :Sulphur in :from 
Bumoeri Treatment :per Pot tlXiplloate jCheck 
: X iPota : 
J t mgm* X mi?n. : mm. 
1 Cheok 25.000 
S 20.000 22.500 
3 Limestone 48.000 
4 25.600 36.800 14.500 
6 Sulphur 29.600 
6 59.000 34.300 11.800 
7 Oypsum 29.800 
8 57.800 33.800 11.300 
9 Roolc phosphate 58.000 
10 37.000 37.500 15.000 
11 Limestone and sulphur 59.000 
12 51.000 45.000 22.500 
15 Limestone and gypsum 52.000 
14 52.000 52.000 29.500 
16 Rook phosphate and sulphur 25.600 
16 25.600 25.600 3.100 
17 Rook phosphate and gypsum 27.600 
18 50.000 58.800 14.300 
19 Rook phosphate and limestone 52.000 
20 52.000 52.000 29.500 
21 Rook phosphnte, limestone and sulphiJir 58.000 
22 29.000 33.500 11.000 
25 Rook phosphate, limestone and gypsum 27.000 
24 58.000 30.000 7.500 
TABIDS XXIV 
Sulphate Sulphur In 100 gm# of Air-Dry 
Soil at Time of Sampling. 
• 
• ; Sulphate tSulphate :Varlation 
Pot • • :Sulphtir JSulphur in tfrom 
Number: Treatment jper Pot xDuplioate jOheok 
: : iPota t 
• 
• t mgm. I mgm. : mgm. 
1 Check 30.000 
2 13.000 21.500 
Z Limestone 27.800 
4 25,000 26.900 5.40 
5 Sulphur 25.700 
6 25.700 25.700 4.20 
7 Oypsum 14.500 
8 16.400 15.450 -6.05 
9 Rook phosphate 29.500 
10 15.300 22.400 0.90 
11 Limestone and sulph\ir 15.000 
12 15.500 15.250 -6.25 
13 Limestone and gypsum 11.500 
14 11.800 11.650 -9.85 
15 Rook phosphate and sulphur 18,000 
16 15.000 16.550 -4.95 
17 Rook phosphate and gypsum 18.900 
18 14.400 16.650 -9.85 
19 Rook phosphate and limestone 14.400 
20 26.500 20.450 0.05 
21 Rook phosphate, limestone and sulphur 28.600 
22 28.600 28.600 7.10 
23 Rock phosphate, limestone and gypsum 15.900 
24 11.200 13.550 -7.95 
t Oi to 
I 
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Ibe data seoizred at the fourth sampling appesa* in 
table X3CV# Here the data are negative or so sli^tly 
positive as to be of little value. The negative re­
sults observed first in table XXIV are continued over into 
this table. This su^ests a low bacterial activity thru 
a period of four weeks. 
In table XX7I appear "tiae results seciired at the 
fif-Ki sampling. The data in tl^is table are all decid-
edly negative. The sulphates in this soil inoi»eased 
in amount for two weeks after treatment. Since the 
end of the second week the content has been decreasing, 
Kiis table shows a continued decrease in the activity 
of the bacteria which oxidize sulphur. 
At the sixth sampling results were secured as be­
fore and these are shown in table XXVII. The data 
shown in this table are interesting. Sulphur alone or 
in combination increased the quantity of sulphates 
found in the soils. All the other treatments, how­
ever, rock phosphate excepted, decreased -ttie quantity 
of sulphates present. 
In table XXVIII there are given the results ob­
tained at the seventh sampling. Here the data are again 
positive. Sulphur alone or in combination with lime­
stone gave good results. Gypsum alone or in all com-
TABLE XXV 
Sulphate 3ulph\ir in 100 gm* of Air-
Dry Soil at Tim© of Sampling, 
t tsulphate :sulphate :Variation 
Pot X tSulphur :Sulphur in sfrom 
Number t Treatment iper Pot iPuplioate zCheok 
t a Pots I 
t t men* t mgni. s mm* 
1 Check 25,600 
2 18.900 22.200 
3 Limestone 15,500 
4 25,800 20,650 - 0,775 
5 Sulphur 13,800 
6 30,000 21.900 - 0.300 
7 Qypsum 13.500 
8 21.900 22,700 0.500 
9 Rook phosphate 8,000 
10 15.000 11.500 -10.700 
11 Limestone and sulphur 24.000 
18 23.500 23.750 1.550 
13 Limestone and gypsum 17,300 
14 34.000 25.650 3.450 
15 Rook phosphate and sulphur 29.500 
16 16,800 23,150 0,950 
17 Rook phosphate and gypsum 12.500 
18 32,000 22,250 0.050 
19 Rook phosphate and limestone 30.000 
20 23.200 26,600 4.400 
21 Rook idiosphate^ limestone and sulphvur 22,000 
22 15.800 18.900 - 3.300 
25 Rook phosphate, limestone and gypsum 18.900 
24 15.200 17,500 - 4.000 
TABLE XXVI 
Sulphate Sulphur In 100 gm* of Alp-
Dry Soli at Time of Sampling, 
:sulphate iSulphate : variation 
Pot :Sulphur :Sulphur In tfrom 
Number Treatraent :per Pot tDuplioate : Cheek 
{ :Pot» 
t mgm« t mgm* X mgm* 
1 Check 474 6000 
2 33,6000 40.600 
S Lln»e atone 14.2000 
4 15.6000 14.850 -25.750 
6 Sulphur 11,4000 
6 13,6000 12.460 -28,150 
7 Gypsum 10,2816 
8 8,0784 9.130 -31,470 
9 Rook phosphate 8,6904 
-32.889 10 6,7320 7,711 
11 Limestone and sulphur 8,3844 
12 11,3220 9,853 -30,747 
13 Limestone and gypsum 6,1200 
14 6.1200 6.120 -34,480 
15 Rook phosphate and sulphur 9.4860 
16 9.2412 9.363 -31.237 
17 Rook phosphate and gypsum 6.1200 
18 13,6000 9,860 -30,740 
19 Rock phosphate and llmostono 10,0000 
20 11.9000 10,900 -29,700 
21 Rook phosphate, limestone and sulphur 14.6000 
22 21.5000 18,000 -22.600 
23 Rook phosphate, limestone and gypsum 14.6000 
24 25,5000 21,050 -19,550 
4. 
y 
TABUS XXVII 
Sulphate Sulphiir in. 100 gm* of Air-Dry 
Soil at Time of Sampling, 
4 
» t Sulphate XSulphate j^l^arfation 
Pot t :Sulphur »Sulphur in itvosa 
number t Treatment jper Pot t Duplicate jCheok 
t > : Pots t 
t t mm* t ragm. t mgftt. 
1 Check 18.900 
2 25.000 21.950 
5 Lime8ton© 25.000 
4 12.800 18.900 - 3.05 
5 Sulphur 33.600 
6 36.000 34.300 12.35 
7 Gyv»«n 11.5668 
& 7.8336 9.700 -12.25 
9 Rook phosphate 27.800 
10 16.700 22.250 0.30 
11 Limeatone and sulphur 38.000 
12 68.000 53.000 31.05 
19 Limestone and gypsum 10.000 
14 12.800 11.400 -10.55 
15 Rook phosphate and sulphur 29.200 
16 28.800 29.000 7.05 
17 Rook phosphate and gypsum 6.120 
10 7.2216 6.670 -15.28 
19 Rook phosphate and limestone 6.120 
80 6.120 6.120 -15.83 
21 Rook phosphate, limestone and sulphiu? 28.200 
22 31.210 29.700 7.79 
23 Rook phosphate, limestone and gypsum 10.900 
24 15.500 13.200 - 8.75 
I oi 
TABI.E XXVIII 
Sulphate Sulphur in 100 gm» of Air-dry Soli at 
Time of Sampling* 
t :Sulphate tSulphate XVariation 
Pot : tSuli^ur XSulphur In xfrom 
Nijjtnberi Treatenent tper Pot iDuplloate tCheok 
t : tPots : 
t t mgm. t mgm. : .mi$a. 
1 Gheolc 7,S828 
2 9.792 8.537 
S Limestone 35.000 
4 6.850 20.925 12.388 
5 Sulphur 37.400 
6 23.000 30,200 21.663 
7 Gypsum 12.500 
8 12.500 12.500 3.963 
9 Rook phosphate 24.250 
10 20.250 22.250 13.713 
11 Limestone and sulphtir 32.000 
12 24.400 28.200 19.667 
IS Limestone and gypsum 18.900 
14 28.000 23.450 14.913 
16 Rook phosphate and sulphur 24.000 
16 31.200 27.600 18.063 
17 Rook phosphate and gypsum 6.120 
18 18,500 12.310 3,773 
10 Rook phosphate and limestone 12.800 
20 6.120 9.460 0.923 
21 Rook phosphatey limestone and sulphur 22.000 
22 32.200 27.100 18,563 
23 Rook phosphatef limestone and gypstim 22.400 
84 17.800 20.100 11.563 
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binations failed to bring about as much sulphate pro­
duction in^the soils as did sulpdtiur alone. 
The results at the eighth sampling are given in 
table XXIX• According to the data presented, the sul­
phur and gypsum had only a sli^t influence on produc­
tion of siilphates. Pot 1 of Idie checks was very hi^. 
This has made the average for the check soils too hi^ 
to be easily interpreted# If this pot could be omitted 
most of the treatments would show favorable results# 
In table XXX tiaere is given a summary of all the 
sulphate results shown in tables XXII to XXIX inclus­
ive# !Sie figures show graphically the trend of sulphate 
production during the period of sixteen weeks# 
In figure 9, the cu3?ves represent the change in 
sulphate production for the treatments listed in the 
legend# In the check soils and in the treated soils 
the sulphate content is very similar tiiroug^ the first, 
second and third sampling# 25ien in the check soils the 
content begins an upward trend while in the treated 
soils fe.e curves pursue their downward cotjrse until the 
fifth sampling# At this sampling the treatments in­
creased the amounts of sulphates present# Gypsum, 
however, caused a very small increase, if any, until the 
seven-^i sampling# It then continued to increase the 
siilphate content slightly up to the eighth or last 
Sulphate Sulphur in 100 gm# of Air-
Dry Soil at Time of Sampling, 
t Jsulphate :Sulphate xValriation 
Pot t ISulphur :Sulphur in xfrora 
Number t Treatment xper Pot :Duplioate : Check 
t t :Pots • 
t : mgnu X mgm. ; mKHi, 
1 Check 27,000 
2 10,600 18,800 
5 Limestone 16,000 
4 16.000 16.000 - 2.800 
5 Suljdiur 15,600 
6 11.000 13,250 - 5.550 
7 Oypsum 14,600 
8 18.900 16.750 « 2.050 
9 Rook phosphate 31,200 
10 16,800 24.000 5,200 
11 Limestone and sulphur 28,000 
12 21,600 24.800 6,000 
13 Limestone and gypsum 22,800 
14 20,000 21,400 2,600 
15 Rock phosphate and sulphur 11,000 
16 10,000 10,500 - 8,300 
17 Rook pliosphate and gypsum 16.600 
18 misaing 16,500 - 2.300 
19 Rock phosphate and limestone 33,000 
20 25,600 29,800 11,000 
21 Rook phosphate^ limestone and sulphur 23,200 
22 24,000 23,600 4.800 
23 Rock phosphate, limestone and gypsum 
24 44,000 22.000 3.200 
TABIDS XXX« 
Summai^y of Sulphate-Sulphur at Time of Sampling# 
: } I t { t t : 
P o t  : 1  : 2 : S t 4 : 6 | 6 s 7  9 .  8  
Number : Sampling tSampling jSampling:sampling tSampling:Sampling :Samplingti^ampling 
: t : : : : t t 
t mgm, : m0n« ; mm« t mgm« t mgm» : mgai* t mgm« : mpgoa.. 
1^ 2 32.300 22.500 21.500 22.200 40.600 21.950 8.537 18.800 
3, 4 45.000 36.800 26.900 20.650 14.850 18.900 20.925 16.000 
5, 6 39.000 34.300 25.700 21*900 12.450 34.300 30.200 13.250 
7, 8 35.600 33.800 15.450 22.700 9.130 9.700 12.500 16.750 
9,10 55.000 37.500 22.400 11.500 7.711 22.250 22.250 24.000 
11,12 45.800 45.000 15.250 23.750 9.853 53.000 28.200 24.800 
13,14 45.500 52.000 11.650 25.650 1.120 11.400 23.450 21.400 
15,16 45.300 25.600 16.550 23.150 9.363 29.000 27.600 10.500 
17,18 32.800 38.800 16.650 22.250 9.860 6.670 12.310 16.500 
19,20 47.300 52.000 20.450 26.600 10,900 6.120 9.460 29.800 
81,22 42.500 33.500 28.600 18,900 18.000 29.700 27.100 23.600 
23,24 37.500 30.000 13.550 17.500 ^;1.050 13.200 20.100 22.000 
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sampllng. All other treatments, rock phosphate except­
ed, led to a smaller sulpliate content in the soils at 
the aeveTtiAi sampling. It Is interesting to note that 
the soils which received suljiiur contained as a rule 
' more stilphates than did the pots which received lime­
stone, gypsimx or rock phosphate. 
In figure 10 the curves show the effect on sul­
phate production of the limestone alone, the limestone 
and sulphur, and limestone and gypsum combined, •'^iie 
three t3?eataients excepting at the third, fifth and sixth 
sampling Influenced favorably sulphate production. The 
limestone and sulTdmr and tfie limestone and gypsum had 
very s1.Tn1.lar effects until the sampling. Then 
the former surpassed the latter. Yi/hlle the sulphate 
content of the soils under these two treatments did 
not vary widely from that in the check soils and in 
the limestone treated soils, there was a greater effect 
if the third and fifth samplings aire excepted. 
The curves in figure 11 show that rock phosphate 
with either sulphur, or gypsum, or limestojia failed to 
exert any outstanding benefit on sulphate production. 
This was particularly true after the second sampling. 
The influence of liiaestone at the first and aecond 
sampling aiid of sulphur at the sixth and seventh wsus 
particularly interesting. 
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Hie curves in figure 12 show that the treatmsr.ta 
affected the quantity of sulphate practically as in 
the preceding cases. The effect, however, was not so 
pronounced^ The influence of sulphur appeared taore 
effective at the sixth and seventh sampling. Other-
wtse it followed closely the curves for the limestone 
treatiiient. The gjnjstaa combination really depressed 
the sulphate contf^nt in this case* 
The data presented in figures 9, 10, 11, and 12 
show that til© quantity of sulphates in this soil at 
tiiae of sampling -^as increased by treatment \Tith sul­
phur. Viihil© tiie gain was not large it was fairly con­
sistent froai sanpling to sampling. Hone of the other 
treatments showed this influence except at irregular 
intervals. Gypsusi has not had any distinctive influence 
in favor of or against the accumlation of sulphates 
in this soil. Kock phosphate and 11 rest one alone or in 
coi2ibi32ation have not inflaenced tlie foraa-&ion of sul­
phates in this soil. 
D. Sulphofying Power of Misaii Silt Loan 
Tables XXXI to XXXVIII show the effect of treat­
ment on the suljfiiofying power of the Miami silt loam 
which was used in this experiment. 
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Table XXXI shows the sulphofying power of the soils 
at the first sampling two weelcs after treatment. All 
of the treatments increased the sulphofying power. How­
ever, siilphur alone and rock phosphate, liniestone and 
suljdiur combined were the outstanding treatments in this 
respect# In only one case did the gyps\B3i approach the 
sulphiu* in promoting the production of sulphates. Tliis 
was in the coobiiiations of rock phosphate and sulphur, 
and rock phosphate and gypsum. Evidently the gypsum 
when applied with other materials did not exert much 
influence on the power of this soil to oxidize sulphur. 
This is shown in a compapison of pots 9 and 10, with 
13 and 14, 17 and 13, and 23 and 24. Sulphur, however, 
in moat cases favorably influenced the oxidizing power 
of this soil. Tiiis is seen in a comparison of pots 
3 and 4, 11 and 12, and 21 and 22. 
The results given in table XXXII were secured on 
the second samples. The data presented here show that 
all the treatments increased the power of this soil to 
oxidize sulphur. At this sampling the gypsxjm did as 
well or slightly better than the sulphur. This held 
whether the substances were used alone or in combination 
with other materials. 
The data obtained on the sulphofying power of the 
TABLE XXXI 
Sulphofylng Power of Soils - First Sampling. 
I 1Sulphate iSulp][iate sVerlatlon 
Pot i tSulphur iSul]^ur in tfrom 
Hiimber t Treatment tper Pot tDuplloate aOheok 
t s :Pot8 t 
t t mgont t mm* t mffla. 
1 Check 30«500 
2 29,200 29,850 
3 Limestone 140,000 
4 140.000 140,000 110,15 
5 Sulphur 168,000 
6 166,000 167,000 137,15 
7 Gypsum 194,000 
8 140,000 137,000 107,15 
9 Rook phosphate 142,000 
10 156,000 149,000 119,15 
11 Limestone and sulphur 148,000 
12 152,000 150,000 120,15 
13 Limestone and gypsum 110,000 
14 106.300 108,150 111,65 
16 Rook phosphate and sulphtir 140,000 
16 143,000 141,500 111,65 
17 Rook phosphate and gypsum 140,000 
18 142,000 141,000 111,15 
19 Rook phosphate and limestone 143,000 
20 142,000 142,500 112,65 
21 Rook phosphate^ limestone and sulphur 180,000 
22 176,000 178,000 148,15 
23 Rook phosphate, limestone and gypsum 141,000 
24 142,000 141,500 111,65 
TABUS XXXII 
Sulphofylng Power of Solla - second Sampling 
i : Sulphate ':Sulph.a'te : Variation 
Pot : J Sulphur iSulphur in ifrom 
Nxamberx Treatment :per Pot tDupllcate tCheok 
; : ;gota i 
J t mga. ; nigra • ; iasra» 
1 Cheok 126•600 
2 161•260 138.f375 
S Limestone 117.000 
4 187.250 142.125 3.250 
5 Sulphur 167.000 
6 165.000 166.000 27.125 
7 Qypsum 178.600 
8 176.760 177.625 38.760 
9 Rook phosphate 129.000 
10 237.000 183.000 44.125 
11 Limestone and sulphiu? 184.600 
12 124.000 154.250 15.375 
13 Limestone and gypsum 262.000 
14 268.000 265.000 126.125 
15 Rook phosphate and sulphiir 276.000 
16 290.000 283.000 144.125 
17 Rook phosphate and gypsum 290.000 
18 273.000 281,600 142.626 
19 Rook phosphate and limestone 272.000 
SO 300.000 281.000 142.126 
21 Rock phosphate, limestone and sulphur 300.000 
22 300.000 300.000 161.125 
23 Rock phosphate, l3'.mestone and gypsum 309.000 
24 307.000 308.000 169.125 
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soils at the third sampling are shown in table XXXIII. 
All th3 treatments, limestone excepted, increased the 
sulphofyihg power at this sampling. Here as at the 
first sampling the sulphiir was more effective than the 
gypsum except when the two were applied alone# This 
is made clear in a comparison of the results on the soils 
from pots 5 and 6, 7 and 8, 11 and 12, 13 and 14, 15 and 
IS, 17 and 18, 21 and 22, 23 and 24. 
The results at the fourth sampling appear in table 
XXXIV. In this table, the data confirm those in previous 
tables# At this sampling, however, the liraestone seemed 
sli^tly advantageous while at the third sampling it 
was somewiiat injurious. Sulphur, in all cases, excelled 
gypsum in promoting the oxidization of sulphur by this 
soil. 
In table XXXV appear the results obtained at the 
fifiih sampling. These data are largely negative. Sul­
phur alone and in combination with limestone exdrted a 
very beneficial influence on the power of soil to oxid­
ize sulphur, ©le other treatments were negative or 
approached the check too closely to be of significance. 
In table XXXVI are shown the results secured at 
the sixth sampling, T e data presented here are con-
TABLE XXXIII 
Sulphofylng Pov/er of SollB - Third Sampling. 
jSulphate 
:Sulphur 
:per Pot 
i"" 
TSuTpEEEe 
ISulphur in 
jDuplicate 
J Pots 
tVariation 
tfrom 
iCheck 
J 
'j 
t 
Pot t 
Number t 
: 
t 
Treatment 
mgni lagtn. mgm4 
1 Check 516.000 
2 316.000 516.000 
» Liraoatone 312.000 
4 308.000 310.000 « 6.000 
6 Sulphur 355.000 
6 343.000 349.000 33.000 
7 Gypstim 345.000 
8 368.000 356.500 40.500 
9 Rook phosphate 351.000 
10 390.000 370.600 54.000 
11 Limestone and sulphur 450.000 
12 445.000 437.500 121.000 
15 Limestone and gypsum 425.000 
14 410.000 417.500 101.500 
16 Rook phosphate and sulphur 430.000 
16 442.000 436.000 120.000 
17 Rook jflaosphate and gypsum 378.000 
18 369.000 373.500 57.500 
19 Rook phosphate and limestone 430.000 
20 480.000 455.000 139.000 
21 Rook phosphate, limestone and sulphur 495.000 
22 505.000 500.000 184.000 
25 Rook phosphate^ limestone and gypsum 375.000 
24 378.000 376.500 60.500 
TABIJ! XXXIV 
Sulphofylng Power of Soils - Fourth Sampling. 
s tsulphate Jsulphate 
8Sulphur in 
iVarlation 
Pot z :Sulphur tfrom 
Number> Treatment Jper Pot {X)upllcate tCheok 
• 
« t :Pot8 : 
: t mgm. : mgn. s mgoi. 
1 Check S04.000 
2 285,000 294.000 
S Limestone 312.000 
4 302.000 306.000 12.000 
5 SuD.phur 337.000 
6 300.000 348.500 54.000 
7 Qypsuai 330.000 
8 385.000 327.500 33.500 
9 Rook phosphate 350.000 
10 370.000 360.000 66.000 
11 Limestone and sulphur 353.000 
12 378.000 365.500 71.500 
13 Limestone and gypsum 305.000 
14 307.000 306,000 12,000 
16 Rook phosphate and sulphur 348.000 
16 370.000 359.000 65.000 
17 Rock phosphate and gypsum 353.000 
18 357.000 355,000 61.000 
19 Rock {^osphata and limestone 348.000 
80 316.000 332.000 38,000 
81 Rock phosphate, limestone and sulphur 433.000 
22 420.000 426.500 132,000 
23 Rock phosphate, limestone and gypsum 376.000 
24 372.000 374.000 106.000 
Sulphofylng Power of Soils - Fifth Sampling. 
: :sulphate JSulphate jVaria'bion 
Pot t »Sulphur :Sulphur in tfrom 
Number: Treatment :p0r Pot :Duplioate tCheok 
: 1 :Pots • • 
I 9 mgm. s mgm. : mran. 
1 Check 370.000 
2 368.000 369.000 
3 Limestone 364*000 
4 365.000 358.500 -11.000 
6 Sulphur 480.000 
6 461,000 465.500 96.500 
7 Qypsum 350.000 
8 336.000 343.000 -26.000 
9 Rook phosjE^ate 380.000 
10 380.000 380.000 11.000 
11 Limestone and sulphur 453.000 
12 453.000 463.000 84.000 
15 Limestone and gypsum 391«000 
14 380.000 385.500 16.500 
15 Rook phosphate and sulphur 370.000 
16 370.000 370.000 1.000 
17 Rook phosphate and gypsum 355.000 
18 338.000 346.500 -23.000 
19 Rook phosphate and limestone 318.000 
20 316.000 314.000 -55.000 
21 Rook phosphate, limestone and sulphur 362.000 
- 4.000 22 368.000 365.000 
25 Rook pliosphate, limestone and gypsum 355.000 
S4 328.000 341.500 -27.500 
I 
o> 
<0 
I 
TABLE XXXVI 
Sulphofylng Power of So.lla - Sixth Sampling 
t tSulphate rSulphfite jVariation 
Pot t :sulphur JSulphur in J from 
Niambert Treatment Jper Pot :Duplicate jCheok 
• 
• : J Pot 8 I 
t : mgm. : mgm. t .. mgm. 
1 Che ok 343,000 
2 380.000 361.500 
3 Limestone 430.000 
4 435.000 432,500 71.000 
5 Sulphur 299.000 
6 390,000 344.500 -17.000 
7 Qypsum 400,000 
8 450,000 425,000 63,500 
9 Rook phosphate 383,000 
10 362,000 372.500 11.000 
11 Limestone and sulphur 355,000 
12 350,000 352,500 - 8.500 
13 Limestone emd gypsum 536.000 
14 545,000 540,500 179.000 
16 Rook jAiosphate and sulphur 500.000 
16 485,000 492.500 131.000 
17 Rook phosphate and gypsum 592,000 
18 535,000 563.500 201.500 
19 Rook phosphate and limestone 495,000 
20 486,000 490.500 129.000 
21 Rook x^osphate^ limestone and 
1
 
rt CO 453.000 
22 451,000 452.000 90.500 
23 Rook phosphate, limestone and gypsum 380,000 
24 380,000 380,000 18.500 
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flic ting, SulpiLiiT alone or in combination v/itii lime­
stone depressed the quantity of sxilphates produced. Lime­
stone and gypsum alone excelled the sulphiu?, '.Vith the 
conbinations of lixaestone and gypsrm there was a greater 
sulphofyiiig power tlisoi with the coiabination of li.Tiestone 
and sulphur, ^ck phosphate and gypaujn gave greater 
effects tlian rock phosphate and sulphur. 
2he data obtained at the seventh sampling appear in 
table XiCXVII. Here the results are largely negative. 
Sulphur alone and gypsuci with rock phosphate gave small 
beneficial results. The otiier treatments actually de­
pressed the sulphofying power or else paralleled the 
check soils very closely. 
5rne I'ssults oboained at the eighth sampling are shown 
In table X:QCVIII. ©lis table shov/s that "che treatments 
did not influence favorably the siilphofying pov/er of 
this soil. Ciis is in agreement with the results at the 
seventh sampling. It seems as if the bacterial action 
had ceased altogether after the sixth sampling. 
In table XyQCIX, there is a simmary of tables XXXI 
to x:^ x\rill inclusive. The graphs shown in figures 13, 
14, 15, and 16 were made from this summary. 
•Zie graphs in figure 13 show that limestone, sulphur, 
gypsum, and rock phosphate when used alone increased the 
TABLE XXXVII 
Sulphofylng Power of Soils - Seventh Sampling, 
t Sulphate tSulphate t'Vai?lation 
Pot t Suli^ iur 1Sulphur in tfrom 
Number Treatment tper Pot tDupllbate tCheck 
: tPots t 
: Kigm* : mgm« : mion. 
1 Check 272.000 
2 247,000 259,500 
3 Tjlm© stone 25G.000 
4 222,000 239.000 -20,500 
6 Sulphur 290,000 
6 505,000 207.500 30.000 
7 Oypsum 220,000 
8 235,000 227,500 -32,000 
9 Rook phosphate 215,000 
10 299.000 257,000 - 2.500 
11 Lime a tone and sulphixr 280,000 
12 224,000 252,000 - 7.500 
13 Limestone and gypsum 243,500 
14 167,500 205,500 -54.000 
16 Rook phosphate and sulphvu* 260,000 
16 02C,000 237,500 -22.000 
17 Rook phosphate and gypsum 280,OCC 
18 278,poo 277.500 18,500 
19 Rook phosphate and limestone 246,000 
20 220,000 233,000 -26,500 
21 Rook phosphate, limestone and sulphur 255,000 
22 241.000 248,000 -11.000 
23 Rook phosphate, limestone and gypsum 260.000 
- 4.500 24 250.000 255*000 
TABLE XXXVIII 
Sulphofylng Power of Soils - Eighth Sampling. 
I }Sulphate tsulphate iVarlatlon 
Pot t : Sulphur i Sulphur In tfron 
Number t Treatment tper Pot tl>uplloate :Check 
* » tPots t 
{ 1 mgn. > mfffld. i Bign. 
1 Cheok 290.000 
2 280.000 285.000 
3 Limestone 216.000 
4 205.000 210.500 -74.500 
5 Sulplivir 300.000 
6 821.000 265,500 -19,500 
7 Gypsum 242.000 
8 267.500 254,760 -30.250 
9 Rook phospJiftte 290.000 
10 278.000 284.000 - 1.000 
11 Limestone and sulpliur 255.000 
12 857.500 256.250 -28,750 
IS Limestone and gypa\:im 267.500 
14 222.500 245.000 -»40.000 
15 Roek phosphate and sulpha? SGO.OOO 
16 257.500 250.750 -26.250 
17 Rook phosphate and (i;yp8UHi 248.500 
18 270.000 259.250 -25,750 
19 Rook phosphate and lliueatona 255.000 
20 256,000 255.500 -29,500 
21 Rook phosphate, limestone foid aulphur 296.000 
22 285.000 290.500 5.500 
23 Rook phosphate, 11 lestone and gypsiua 285.000 
24 275.000 280.000 - 5.000 
TABLE XXXIX 
I 
Siammary of Data on Sulfofying power of Soll« 
: X : t t : ; $ 
P o t  ! l : 2 : 3 : 4 : 5 s 6 : 7  8  
Number tSampllng tSampllng :Sampllng :Sampllng iSampllngtSampllng sSampling:Sampling 
t t : : t : I : 
t mgm. : i in^* t ram* : rngm* t 
1, 2 29 .850 138.875 316.000 294 • 000 369 .000 361.500 259 .500 285,000 
3, 4 140 ,000 142.125 310.000 306 .000 358 .500 432.500 239 .000 210^ 500 
5. 6 167 .000 166.000 349.000 348 .500 465 .500 344.500 297 .500 265.500 
7, 8 137 • 000 177.625 356.500 327 .500 343 .000 425.000 227 .500 254.750 
9,10 149 .000 183.000 370.000 360 .000 380 .000 372.500 257 .000 284.000 
11,12 150 .000 154.250 437.500 365 .000 453 .000 352.500 252 .000 256.250 
13,14 108 • 150 265.000 417.500 306 .000 385 ,500 540.500 205 .500 245.000 
15,16 141 .500 283.000 436.000 359 ,000 370 .000 492.500 237 .500 258.750 
17,18 141 .000 281.500 373.500 355 .000 346 • 500 563.500 277 .500 259.250 
19,20 142 .500 281.000 455.000 332 ,000 314 .000 490.500 233 .000 205.500 
21,22 178 .000 300.000 500.000 426 .500 365 .000 452.500 248 .000 295,500 
23,24 141 .500 308.000 376.500 374 .000 341 .500 380.000 255 .000 280,000 
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suljdiur-oxidizing power of this soil# At the seventai 
sampling the results on the treated soils were approx­
imately the same as wi-^ i the check soils* At the ei^ th 
sampling the check soils were hi^er in sulphofying 
power than the treated soils. Sulphur was superior to 
gypsum in efiect on sulphofication at liie first, second, 
fo;2rth, fifth, seventh and ei^th samplings. 
Eie data in figure 14 show the effects of limestone 
when it was applied alone or in combination with sul­
phur or with gypsum# !Ehe limestone and sulphur caa-
bination had a larger effect than fiio limestone and 
gypsum combination at the first, third, foxirth, fifth, 
seventib. and ei^th samplings* The limestone alone 
showed little effect on sulphofication. 
Figure 15 shows the influence of sulphur, gypsum 
and limestone in combination with rock phosphate* 
Gypsum had a greater beneficial influence than sulphur 
at the sixth, seventh and eigjitih samplings, while the 
sulphur at the first samplings was superior to gypsum. 
The sulphur oxidizing bacreria were favorably influenced 
by rock phosphate and limestone except in the fifth, 
seven-Qi and eighth sampling. 
In figure 16, the value of sulphur and gypsxim when 
combined wildi rock phosphate and li .iestone is clenrly 
i 
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apparent, Kie two treated soils excepting at the fifth 
and seven-Ki were hi^er than the check soils. The com­
bination of rock phosphate, limestone and sulphur was 
somewhat superior to the combination of rock phosphate, 
limestone and gypsum in effect. 
These i»esults are quite definite. Sulphur uniform­
ly increased the sulphofying power of this soil. This 
is in agreement with the work of Ames and Ricimond (4). 
Eiese authors found that approximately 50 percent of the 
added sulj^ur was oxidized, the amount recovered vary­
ing someidiat, depending upon the soil and the material 
included as part of tiie treatment. Brown and Gwinn (24) 
determined the effect of sulphur and naimre on the avail­
ability of rock phosphate in soil. Biey found that 
sulphxar increased the sulphofying power of the soil and 
tdiat -ttie maximum sulphates were produced by the end of 
six weeks* Manure and sixlphiu:* stimulated the sulpho­
fying organisms much more than sulphur alone. Ames (6) 
in his work on the solvent action of nitrification and 
sulphofication found that sulphur alone favorably in­
fluenced sulphofication. The presence of calcium carbon­
ate, however, depressed the quantity of sulphates formed. 
The results which are shown in the graphs 13 to 16 in­
clusive are in agreement with those obtained by Brown 
and Gwinn and by Ames. 
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RESTJLTS OP THE CHEMICAL IHVESTIGATIOKS 
A« Heutral AriEaonlica-
Citrate-Soluljle Phos-
phoma* 
Tables XL to XLVII Inclusive give the results of 
the dertermination of the neutral ammoaium-citrate-sol-
uSle i^osphorua lii the variously treated soils at the 
ei^t samplings over the period of sixteen weeks# 
Table XL gives the resiilts secured at the first 
sampling and it appears that the trealaients had no 
influence on the solubility of piiosphorus in neutral 
amoniTJia-cltrate • The check shows a somei^t greater 
amount of soluble phosphorus than any of the treated 
pots, 19 and 20 excepted. Here the soluble phosphorus 
was sli^itly greater than in the checlc soil. 
The results at liie second sampling are given in 
table XLI. The citrate-soluble phosphorus was apparently 
influenced by the treateiients at this sanpling. This 
was particularly true for the soils which received sul­
phur. All the soils receiving rock phosphate showed 
an increase in soluble phosphorus. This was expected 
unless the solubility had been depressed by certain 
factors. Gypsum influenced the amount of citrate-
TABLE XL 
Heutral Amnioniura-Oltrate-Soluble POa 
In 100 gra» Air-Dry Soil at Pirat Samplihg, 
t t i f Average o±': Average :Variat"ic>h 
Pot JLab* : PO4 :Duplicatos:of Pots 
Ho, jHo. t Treatment • • • • :Check 
• 
• « ; p,p.m. : p.p.m. ; p.p.m. : p.p.m. 
1 1 
2 
Chock 57.536 
58,260 57,898 
2 1 Chook 58,233 
2 60.602 59.417 58.657 
3 1 
2 
Limestone 57.407 
58.820 57.663 
4 1 lilmostone 52.038 
2 50.386 51,212 54,438 -4.219 
5 1 
2 
Sulphur 49.973 
51.212 50v59e 
8 1 Sulphur 42,958 
2 54,516 48,734 49.663 -8.994 
7 1 
2 
Q-ypsum «•«••»«»••««« 
53.690 53.690 
8 1 Gypsum 59,478 
2 61,950 60.711 57.200 -1,427 
9 1 
2 
Rook phosphate 52.038 
56,581 54.309 
10 1 Rook phoapiijato 46.669 
2 50.799 48.734 57.521 -7.136 
11 1 Limestone and aulphur 52,451 
2 52,038 52,244 
12 1 Limestone and sulphur 49.560 
2 50.386 49,973 51.108 -7.543 
13 1 Limeotono and gypsum 51,212 
2 48.734 49.973 
rt A f t  51.212 

t a* 
2 
1 
uu 
8 Gypston 
9 
IP 
1 
o 
Rook phoayihate 
10 
A 
1 
2 
1 
O 
Rook phoopimto 
11 Limos-Oone and sulphur 
12 1 
2 
1 
2 
1 
Q 
Limestono and sulphur 
13 Limentono and gypatun 
14 Lijiios-touo and f^ypovmi 
15 1 
2 
1 p 
Rook phospliatG and aulphur 
16 Rook phosphate and sulpliur 
17 1 
o 
Rook phoaphato and gypsum 
18 
0 
1 
2 
1 p 
Rook phosphate and gypsum 
19 Rock phosphate and limoatone 
SO 1 
2 
1 
P 
Rook phosphate and limestone 
21 Rook phospliate, limestone and 
22 1 
2 
1 
Q 
Rook phooplmte, limestone and 
23 Rook phosplmte, limestone and 
24 
A 
1 
2 
Rock phosphate, limestone and 
53.690 
69.472 
61.950 
52.038 
56,681 
46.669 
50.799 
52.451 
52.0r58 
49.560 
50.386 
51.212 
48.734 
51.212 
53.277 
51.625 
54.929 
5S.864 
52.038 
57.820 
54.516 
59,059 
59.820 
66.080 
58,233 
63,219 
61,029 
51.625 
53,690 
56,994 
57,407 
57.407 
57,820 
56.168 
57,407 
53.690 
60,711 
54,309 
48.734 
52,244 
49,973 
49,973 
52,244 
53.277 
52,451 
56,168 
58,439 
62.156 
62,121 
52,657 
57,200 
57,623 
56,797 
57,200 
57,521 
51,108 
51,108 
52.864 
57.303 
62.133 
54,928 
57,210 
-1,427 
-7.136 
•^¥,54:5 
-7.549 
-5.793 
-1.354 
3,476 
-3.729 
—0,446 

TABLE XLI 
Neutral Ammonium-Oltrate-Soluble PO^ In 100 goi, Air-
Dry Soil at Second Sampling# 
I 
• 
¥ : • • :Average ofiAverage :variatlon 
Pot :Lab • • : PO4 rDuplicatesjof Pots :from 
Ho. :lfo. : Treatment : • • • • iCheck 
# 
• : : P-P.m, : p.p.m. ! p.p.m. t p.p.m. 
1 1 
2 
Check 54.929 
55.755 55.342 
2 1 
2 
Check 59,885 
54.516 57.205 56.271 
3 1 
2 
Limestone 66.994 
52.038 54.526 
4 1 Limestone 66.080 
2 58.646 62,363 58.444 2.173 
5 1 Sulphur 62.776 
2 70.210 66.496 
6 1 Sulphur 56.994 
2 56.994 56.994 61.745 5.475 
7 1 Gypsum 51.625 
2 58.233 54.429 
8 1 Gypsum 55.342 
2 56.994 56.168 55.298 -0.973 
9 1 
2 
Rook phosphate 56.168 
58.646 57.407 
10 1 Rock phosphate 60.711 
2 64.428 62.569 59.988 3.717 
11 1 Limestone and svilphur 59.472 
2 59.472 59.472 
12 1 Limestone and sulphur 56.984 
2 63.602 60.298 69.885 3.614 
15 1 Limestone and gypsum 64.015 
2 53.690 50.852 
14 1 Limestone and gypsum 55.342 
2 64.015 59.178 59.015 2.744 

2 
7 1 Gypsum 
2 
8 1 Gypaixm 
2 
9 1 Rock phosphate 
2 
10 1 Rock phosphate 
2 
11 1 Limestone and sulphur 
2 
12 1 Limestone and sulphur 
2 
13 1 Limestone and gypsum 
2 
14s 1 Limestone and gypsiim 
2 
15 1 Rook phospliato aM sulphur 
2 
16 1 Rock phosphate and sulphur 
2 
17 1 Rock phosphate and gypsum 
2 
18 1 Rock phosphate and gypdum 
2 
19 1 Rock phosphate and limestone 
2 
20 1 Rock phosphate and limestone 
2 
21 1 Rook phosphate, limestone and sixlphur 
2 
22 1 Rock phosphate, limestone auad sulphur 
2 
23 1 Rook phosphate, limestone and gypsum 
2 
24 1 Rock phospliate, limestone and gypsum 
s 
56.994 
51,625 
58.233 
55,342 
56.994 
56.168 
58.646 
60.711 
64.428 
59,472 
59,472 
56,984 
63.602 
64.015 
53.690 
55,342 
64,015 
54,929 
54,929 
57.820 
62.776 
52.451 
52.038 
54.103 
56.168 
64.015 
65.254 
58.233 
61,950 
60.711 
64.428 
64.015 
63,602 
63,189 
64,428 
54,516 
54.516 
56,994 
54.429 
56.168 
57,407 
62.569 
59.472 
60,298 
58.852 
59.178 
54,929 
60,298 
52,242 
55,185 
64.634 
60,091 
62,569 
63,808 
63.808 
54.516 
61,745 
55.298 
59.988 
59,885 
59.015 
57.113 
53.713 
62.362 
63.188 
59.162 
5.475 
-0.973 
3,717 
3,614 
2.744 
0,842 
-2,558 
6.091 
6.917 
2,891 

80. 
soluble jfliosphorus but little according to these data* 
At the third sampling the results secured are 
shown in table XLII« The data presented here are nega­
tive except for the soils which received limestone 
gypsum. Ihile the depression for each treatment was 
small, it was consistent for tiie entire series of 
treatments except as noted above, lEhis is significant, 
suggesting that the phosphorus was not being influenced 
by the trealaaents. 
Table XLIII shows the restilts obtained at the fourth 
sampling. !Ehis table presents some interesting data. 
The soils which received sulphur alone, rock phosphate 
and sxili^ur cc^bined, or rock phosphate, limestone and 
sulphia? contained a larger amount of the soluble phos­
phorus than the imtreated soils. In no instance did 
gsrpsum ino^ase the soluble phosphorus beyond that in 
the check soils. It is interesting to note that, in 
this table as in the two preceding tables, the soils 
receiving limestone alone were higher in citrate soluble 
I^osphorus than the check soils. 
The data obtained at the fifth sampling are given 
in table XUV. The results in this table are negative. 
The depression in soluble phosphorus from the treat­
ments was rather pronounced. The araount of depression 
TABLE XLII 
Neutral Ammonlum-Citrate-Soluble POa 
In 100 ©n# Air-Dry Soil nt TMrd Sampling. 
: : X :Average of:Average :Variation 
PottLab: : PO4 
• 
# 
sDuplicates •of Pots tfrm 
No. :Wo. : Troatment « • • : Chock 
« « 
• : p.p.m. : p.p.m. : p.p.m. : p.p.m. 
1 1 
2 
Chock 70,310 
08.145 69.177 
2 1 Check 68,971 
2 71.036 70.003 69.590 
3 1 
2 
Limeston© 71,449 
73.101 72.275 
4 1 Limestone 71,036 
2 71.036 71.036 71.655 2.065 
6 1 
2 
Sulphur 6C.493 
67.732 67.112 
6 1 Stilphur 67.738 
2 66.493 67.112 67.112 -2.478 
7 1 
2 
Gypsum 72.688 
72,688 72.088 
8 1 Gypsum 71.449 
2 69,384 70.416 71,552 1,962 
9 1 
2 
Rock phosphate 70.210 
66,080 68.145 
10 1 Rock phosphate 05,254 
2 66.080 65.667 66.906 -2.684 
11 1 
2 
Limestone aixd sulphur missing 
misnlng 
12 1 Limestone and suli^hur 64.428 
2 66.493 65.960 65.960 -3.630 
13 1 Limestone and /gypsum 66.080 
S 67.319 66.699 
14 1 Limestone and gypsiun 66.080 
^ r \  r t -Ad  z2.rj inn 
_0 Z20C. 

7 1 Gypsum 
2 
8 1 Gypsum 
S 
9 1 Rook phosphate 
2 
10 1 Rook phoaphat© 
2 
11 1 Limestone and sulphur 
2 
12 1 Limestone and niilphup 
2 
13 1 Limestone and gypsum 
2 
14 1 Llrnostone and gypsum 
2 
15 1 Rook phosphate and sulphur 
2 
16 1 Rock phosphate and sulphur 
2 
17 1 Rock phosphate and gypsum 
2 
18 1 Rock phosphate and gypsum 
2 
19 1 Rook phosphate and limestone 
2 
20 1 Rook phosphate and limestone 
2 
21 1 Rook phosphate, limoatone and sulpliur 
2 
22 1 Rook phosphate, limestone and sulphur 
2 
23 1 Rook phosphate, limestone and gypsum 
2 
24 1 Rock phosphate, limestoxie and gypsum 
2 
72.688 
V/ r 
72.688 72 ,688 
71,449 
69,384 70 ,416 
70,210 
66.080 68 ,145 
05,254 
G6.080 65 ,667 
milaolng 
rals.'iing 
64,428 
00,493 65 .960 
60,080 
67.319 66 .699 
60,080 
(50.145 67 .112 
66.493 
68.145 67 ,319 
69,797 
69.797 69 .797 
66.080 
66,906 66 ,493 
66.906 
66.906 66 .906 
68.145 
67.732 67 .938 
71.036 
68,558 64 
CO 
•
 
71.862 
64,015 67 .938 
62.363 
60,298 61 ,330 
61.124 
65.254 63 .189 
65.254 
66.080 65 ,667 
\J r «JLa.O —/:p 4-XfO 
71.552 1,962 
1 
60.906 -2,684 
65.960 -3.630 
66.905 -2,685 
68.553 -1.037 
66.649 -2.941 
66.392 -3.198 
64,634 -4,956 
64,428 -5.162 

TABLE XLIII 
Neutral Ariinoniura-Citrate"Soluble PO4. in 100 gm. 
Air-Dry Soil at Potirtli Sampling. 
: • • • 9 :Average of:Average ;ya3.^ iation 
Pot: Lab • « : PO4 :Duplicates:of Pota : from 
Ho. :Ho, : Ti^eatmont • « » • • • :Chock 
: • • • p • p .m • ! D.D.m. ! P.P.m. : P,P,m, 
1 1 
2 
Check 70.o2cS 
69.3B4 70.003 
2 1 Check 71,449 
2 00,550 70.003 70.003 
S 1 
2 
Limestone 72.275 
72.680 72.401 
4 1 Limestone 70.623 
2 73.101 71.062 72.171 2.168 
5 1 
2 
Sulphur 72,508 
72,275 72,901 
6 1 Sulphur 71.336 
2 72,120 71,978 72.479 2,476 
7 1 
2 
Gypsum 60,290 
66.000 63,109 
8 1 Gypsum 70.210 
2 66.000 60.145 65.667 -4,336 
9 1 Rook phoaphate 64,015 
2 68.145 66.000 
10 1 Hook phoaphnto 70.210 
2 60,145 69,177 67,628 -2.375 
11 1 Liiiioatojio and sulphur 67,319 
2 67.319 67,319 
12 1 Limestone and 3ixlphui» 60.550 
2 67.732 60,145 67,752 -2.251 
13 1 Lime at one and f^yoaiim 60,145 
2 67.7;3S 67.900 
1 A. 1 fin.Kiin 

7 1 
2 
8 1 
2 
9 1 
2 
10 1 
2 
11 1 
2 
12 1 
2 
13 1 
2 
14 1 
8 
15 1 
2 
16 1 
2 
17 1 
2 
18 1 
2 
19 1 
2 
20 1 
2 
21 1 
2 
22 1 
2 
23 1 
2 
24 1 
2 
Gypsiim 
Gypsura 
Rook phODpbate 
Rook phosphate 
Linioatono and sulph\iP 
Liinostone and sulphur 
Limeatono and gy^aiira 
Llmostono and gypauin 
Rock phoaphato and sTilphur 
Rock phoaphato find aulphur 
Rook phosphate and gypsum 
Rock- phoaphato and gyiisuni 
Rock phoaphate and limestone 
Rock phosphate and limestone 
Rock phODDhate, limestone and oulphui» 
Rock phoanhate, liiiioatone and sulpltur 
Rock phoaphato, liiuentono and gypatun 
Rock phoaphate, llmestono and /^ypaura 
VH.liJD 
60,&90 
66,000 
70.S10 
66,000 
64.015 
68.14(3 
70.«10 
60,145 
G7.«19 
67.,'519 
68.550 
67.V52 
60,145 
67.7;3S 
60.550 
60.000 
7S.SS75 
71.449 
71.449 
70.210 
71.449 
71.036 
66.000 
70.623 
70.023 
60.208 
70.210 
70*810 
72.275 
70.210 
72.275 
71.036 
60.145 
68.971 
70,210 
70.625 
71.978 
63.189 
60.145 
66.080 
69.177 
67.319 
68.145 
67,900 
67.319 
71.862 
70,829 
71.242 
60.351 
65.460 
70.210 
71.242 
71.655 
68.563 
70.416 
72.479 
65.667 
1 
67.628 
67.752 
67.653 
71.345 
69.796 
67.835 
71.498 
69.489 
S.476 
-4.336 
-2.375 
-2.251 
-2.350 
1.342 
-0.207 
—2.168 
1.495 
-0,514 

TABLE XLIV 
Noutral Ainraonlm-Citrate-Solublo PO4 In 100 ©n. 
Ali»«D3?y Soil at Fifth Sampling. 
! 
• 
9  
• 
• i Average 6ftAverage :Variation 
Pot t Lrab: 9  • Duplicates :of Pota tfrom 
No. »No. J Treatment • • • • ; Check 
! : • # p.p.m. ; p.p.m. : p.p.m. 
1 1 
2 
Check 52,038 
54,103 53.070 
2 1 
2 
Check 65.254 
71.449 68.351 60.710 
3 1 
2 
Limestone 56,168 
63.690 54.929 
4 1 Limoatono 54.516 
2 65.342 54.929 54.929 -6.781 
5 1 Sulphur 54.103 
S 52.038 53.070 
6 1 Sulphur 54.516 
2 50.799 52.657 52.863 -7.847 
7 1 Gypotiiu 52,451 
2 51.212 51.831 
8 1 Gypsum 55.342 
2 55.755 55.548 53.689 -7.021 
9 1 
2 
Rock phoapliate 51.625 
54,516 53.070 
10 1 Rook phoapliatG 57.820 
2 59,885 56.168 54.619 •6.091 
11 1 Limootono and sulphur 55,755 
2 51.625 53.690 
12 1 Llmoa-bovvo and sulphur 53.690 
2 53.690 53.690 53.690 -7,020 
13 1 Limes tone and g7/-pauiii 57.820 
2 56.168 5e.«74 
14 1 Llmeatono and gypsum 53.690 
2 53.690 53.690 55,342 -5,364 
15 1 Rook phoaphato and aulphuA"* 54.516 

7 
2 
1 
2 
1 
o 
GypoiUQ 
8 Oypauin 
9 1 
p 
Rock phospliate 
10 1 
p 
Rook phosphato 
11 
CJ 
1 
S 
1 
2 
1 p 
Liniootono and aulphui» 
12 Llmoatono and oxAlphuj? 
13 Llmo£ ?tono and gypatuji 
14 1 p Llmootono and gypsum 
15 1 
2 
1 
8 
1 Q 
Rook phoaplmto and oulphur 
16 Rook phoEjpliato and aulpluix* 
17 Rock plioaplaato and gypsum 
18 
a 
1 
2 
1 
O 
Rook phosphate and gypsum 
19 Rook phoopliate and limestone 
20 1 
2 
1 p 
Rook phosphate and limestone 
21 Rock phoeplmte, limestone and sulphur 
22 1 
p 
Rook phosphate, limestone and sulphur 
83 
A 
1 
2 
1 
2 
Rock phosphate, limestone and gypaura 
24 Rook phosphate, llmoatone and gypsum 
50.709 
5g.451 
61.212 
55.342 
55.755 
51,625 
54,516 
57.820 
59.G05 
55,755 
51,625 
53.690 
53.690 
57.020 
56.160 
53.690 
53.690 
54,516 
56,581 
57,020 
59.005 
61,950 
57.820 
56,994 
57,820 
56,994 
58,646 
54.929 
55,342 
52.030 
66,008 
55.255 
55,342 
56,994 
54,929 
55.755 
58,646 
52.657 
51.831 
55.548 
53,070 
56,168 
53,690 
53.690 
56.«74 
53.690 
55.548 
58,052 
59.885 
57.407 
57.320 
56,227 
59.059 
55,548 
55,961 
57.200 
52.863 
53.689 
54,619 
53.690 
55,342 
57.700 
58.646 
56.227 
57,803 
56.500 
-7.847 
-7.021 
-6,091 
-7,020 
-5,364 
—3.010 
—2,064 
—4,483 
-2,907 
-4.130 

84. 
seems to bear some relation to the treataaent# Evidently 
factors other than the particxxlar treatments were in 
operation herev 
Table XLV gives the data obtained at the sixldi sampling# 
The limestone, the sulphur, the gypsiim, and the lime­
stone and sxilpimr combined gave an increase in citrate-
soluble phosphojrus. e^ remainder of the treatments 
tested depressed the production of citrate-soluble phos­
phorus • 
Table XLVI shows the data obtained at the seventh 
sampling. According to the data in this table, all the 
treatments increased the citrate-soluble i±iosphorus« 
However, there seems to be little of definite value in 
tiie data# Limestone alone increased the citrate-soluble 
phosphorus 3.924 parts per million* Limestone and sul-
j^ ur combined produced an increase of only 2*272 parts 
per million. Rock phosphate alone produced an increase 
of 6*505 parts per million while rock phosphate and sul­
phur produced a gain of only 3.201 parts per million* 
The results secured at the eig^ x•^ l sampling appear 
in table XLVII* The data presented here show that sul-
p4mr in combination with limestone, or rock jdiosphate, 
or rock phosphate and limestone combined, increased the 
TABLE XLV 
Neutral Ammonluin-Gitrato-Soluble PO4 in ! 
100 011. Air-Dry Soil at Sixth Sampling, 
• 
• 
• J tAverage of!Average \ .•Varilatloh 
Pot ;Lab • • 
« 
» 
:i>uplicates tof Pots :from 
Ho, TWO, J Treatment • • • t :Check 
• 
« 
• : p,r).m. ; p.o.m. : p.p.m. : p,p,ra. 
1 1 
S 
Check 59.472 
50.168 57.820 
2 1 Check 59.472 
2 59,472 59.472 58,646 
3 1 
2 
Limestone 60.298 
59.885 60.091 
4 1 Limestone 61.124 
2 60.298 60.711 60.401 1.745 
5 1 
2 
Sulphur 65,669 
59.885 62.776 
6 1 Sulphm* 59.885 
2 58,646 59.265 61,020 2.375 
7 1 
2 
Gypsum 61,950 
59.885 60.917 
8 1 Gypsxrai 57,820 
2 61,950 59.885 60,401 1.745 
9 1 
2 
Rook phosphate 63,S63 
45,430 53.896 
10 1 Rock phosphate 59.885 
2 61,124 60.504 52.200 -6.446 
11 1 Limestone and sulphur 59.472 
2 58.646 59.059 
12 1 Limestone and sulphur 57.820 
2 59.059 58.439 58.749 0.103 
13 1 Limestone and gypsum 55.755 
2 51.625 53.690 

D 
7 
8 
9 
10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
X i5-uj.pnar Ui7»Daa 
2 58,G46 59.265 61 .020 2 .375 
1 Gypsum 61.950 
2 59.885 60.917 
1 Gypsum 57.820 
2 61,950 59.885 60 
H
 
O
 
•
 1 .745 
1 Rook phosphate 63.363 1 
2 45.430 53.896 
1 Rock phosphate 59.885 
2 01.124 60.504 52 .200 -6 .446 
1 Llmeatone and sulphur 59.472 
2 58.646 59.059 
1 Limestone and stilphur 57.820 
2 59.059 58.439 58 .749 0 .103 
1 Limestone and gypsiira 55.755 
2 51.625 53.690 
1 Limestone and gypsiim 53.277 
2 53.277 53.277 53 .483 -5 .163 
1 Rook phosphate and sulphur 43,365 
2 56.581 49.973 
1 Rock phosphate and sulphur 56.994 
2 58.233 57.613 53 .793 -4 .853 
1 Rock phosphate and gypsum 55.755 
2 55.342 55.548 
1 Rook phosphate and gypsum 57.820 
2 56.994 57.407 56 .477 "2 .169 
1 Rock phosphate and limestone 51.625 
2 52.451 52.038 
1 Rook phosphate and limestone 54.103 
2 56.994 55.548 53 .793 -4 .853 
1 Rock phosphate, limestone and sulphur 56.168 
2 56.581 56.374 
1 Rock phosphate, limestone and sulplmr 56.581 
2 56.580 56.581 56 .477 -2 .169 
1 Rock phosphate, limestone and gypsum 55.755 
2 55.755 55.755 
1 Rook phosphate, limestone and gy-psum 57.407 
2 54.929 56.168 55 .961 -2 .685 

TABLE XLVI 
Neutral Ainmonlura-Cltrate Soluble PO. in 100 gni. 
Air-Dry Soil at Seventh Sampling.  ^
t 
: : : jAverage of:Average :Variation 
PotjLabi t PO^  : Duplicates J of Pots :,from 
llo.tWo.! Treatment : : • ; 6heok 
• 
• 
] « P.P*m. •. p,p,m. : p.p.m. ; p.p.m. 
1 1 Check 50,646 
2 60.29B 59.472 
2 1 Check 54.516 
2 61.950 58.233 58.852 
3 1 Limestone 66,080 
2 61.950 65.015 
4 1 Limestone 61.950 
2 61.124 61.537 62.776 3.924 
8 1 Sulphur 61.124 
2 61.950 61.537 
6 1 Sulphur 61.124 
2 61.124 61.124 61.333 2.481 
7 1 G;ypa\«n 62.776 
2 61.124 61.950 
8 1 G7/pSltl11 62,776 
S 60,298 61*537 61.743 2.891 
9 1 Rock j)hospliate 64.841 
2 71.862 68.351 
10 1 Rock phosphate 61.950 
2 62.776 62.363 65.357 6.505 
11 1 Limestone and sulphur 59,885 
S 50.805 58.805 
12 1 Limestone ai\d sulphur 62.776 
2 61.950 62.362 61.124 2.272 
13 1 Limestone and gypsum 59.472 
2 59,059 59.265 
14 1 Limestone euid gypsum 59.059 
n e 
2 
n 
61,124 60.091 59.678 0.826 

s 
7 1 Gypsiwn 
2 
8 1 Gypstmi 
2 
9 1 Roclc phospliate 
2 
10 1 Rock phoaphat© 
S 
11 1 Llmeatono and sulphur 
2 
12 1 Limestone and aialphur 
a 
13 1 Limestone and gypsum 
2 
14 1 Limestone cmd gypsum 
2 
15 1 Rock phoai:)hato and sulphur 
2 
16 1 Rock phoapliato and sulphur 
2 
17 1 Rook phosphate and gjnpsum 
2 
18 1 Rock phosphate ajid gypsum 
2 
19 1 Rock phosphate and limestone 
2 
20 1 Rock phosphate and limestone 
2 
21 1 Rock phospliate, limestone and sulphur 
2 
22 1 Rock phosphate, limestone and sulphur 
2 
23 1 Rook phosphate, limestone and gyjisum 
2 
24 1 Rock phosphate, limestone and gypsum 
2 
61.124 
62.776 
61,124 
62.776 
60.298 
64.841 
71.862 
61.950 
62.776 
59.885 
58.805 
62.776 
61.950 
59.472 
59,059 
59.059 
61,124 
61.124 
62.363 
62.776 
61.950 
64.015 
62.776 
62.776 
64.015 
59.885 
65,254 
59.880 
61.950 
59.885 
58.646 
59,059 
59.885 
59.885 
60,298 
59,885 
58,646 
51,124 
61,950 
61,537 
68.351 
62.363 
58.805 
62.362 
59,265 
60.091 
61,743 
62.363 
63.395 
63.395 
62.569 
60.917 
59,265 
58.852 
60,091 
59,265 
61,333 
61.743 
65.357 
61.124 
59.678 
62.053 
63.395 
61.793 
59,058 
59.678 
2.401 
2.891 
6,505 
2,272 
0,826 
3,201 
4.543 
2.941 
0,206 
0.826 
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2 
7 1 Gypoum 
2 
8 1 Gypsiun 
2 
9 1 Rook phosphato 
2 
10 1 Rook phosphato 
2 
11 1 Llineatono and fmlphui' 
2 
12 1 Limestone and sulphui'' 
2 
13 1 Limestone and gypsiun 
2 
14 1 Limestone and gypsvun 
2 
15 1 Rock phospliato and aulph\ir 
2 
16 1 Rock phosphato and sulphur 
2 
17 1 Rook phosphate and gypauin 
2 
18 1 Rock phosphate and gypsvun 
2 
19 1 Rook phosphato and limestone 
2 
20 1 Rook phosphato and limestone 
2 
21 1 Rock phosphate, limestone and sulphur 
2 
22 1 Rock phosphato, limestone and sulphur 
2 
23 1 Rock phoapliate, limestone and jjypsum 
2 
24 1 Rook phosphate, limestone and gypsum 
2 
87.969 
85,078 
85,078 
84.252 
85,904 
87.143 
92.925 
86.317 
86.730 
86.730 
86.730 
86,730 
86,730 
93.990 
98.294 
94.164 
96,642 
100.772 
99.533 
100.359 
99.120 
97.055 
97,055 
97.055 
100,772 
86,730 
90,034 
91,273 
86,730 
91.686 
87,556 
87,969 
89,208 
83,839 
80,948 
85,013 
81.774 
87,349 
85.078 
85.078 
90.034 
86.523 
86,730 
86.730 
96.642 
95.403 
100.152 
99.739 
97.055 
98.913 
88,382 
89,001 
89.621 
88,588 
82.393 
82.393 
84.023 
85.078 
88.278 
86.730 
96.022 
99.945 
97,984 
88.691 
89.104 
82,393 
- 1,984 
- 0,929 
2,271 
0.730 
10.015 
13.438 
11.977 
2.684 
3,097 
« 3,614 
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citrate-solut)!© phospliorus. Qyps\M when applied with 
limestone, or rock phosphate, increased the citrate-
soluble phosphorus but failed to do so when applied with 
rock phosphate and limestone coiabined. 
The data on citrate-soluble phosphorus in these 
soils at the ei^ t samplings are suncnarized in table 
XLVIII# The accoapanying graphs were made fr<xa these 
data* 
In figure 17 the curves showing the effects of 
limestone, sulj^ ur and gypsum on citrate-soluhle j^ ios-
j^ orua are very similar* They varied somewhat through­
out the sixteen weeks, one treatment being more effect­
ive at one sampling, -sSiile another was more effective 
at another sampling. All Hie treatments were fairly 
uniform at the beginning* 2he check soils and the soils 
which received gypsum contained less citrate-soluiue 
phosphorus at the second sampling than at the first* 
Eiey also contained less than the soils to which lime­
stone, sulphw and rock phosphate had been applied* 
These latter treatments gave an Increase during the first 
four samplings* The five treatments produced much less 
effect on the citrate-soluble phosphorus in the soils 
at the fif-Hi than at the fourtti sampling* !Bie three 
treatments, limestone, sulphur, and gypsum at the sixth 
• . MV^ST9mCSW«n<3M3«URCf«n<MnKMMi 
TABLE XLVIII. 
Summary of the Neutral Ammonium Citrate-r 
Soluble Phosphorus in 100 gm. Air-Dry 
Soil (p.p.m.) at Various Samplings* 
t : X • • • • X X •X,. 
Pot t 1 I 2 t 3 X 4 t 5 X 6 X 7 X 8 
Number t Sampling 
t 
tSampling 
• 
• 
:Sampling 
: 
:SamplingiSampling 
t X 
tSampling 
: 
J Sampling:Sampling 
X X 
1, 2 58,657 56.271 69.590 70.003 60.710 58.646 58.852 86.007 
3, 4 54,438 58.444 71.655 72.171 54.929 60.401 62.776 87.865 
5, 6 49.663 61.745 67.112 72.479 52.863 61.020 61.333 84.023 
7, 8 57.200 55.298 71.552 65.667 53.689 60.401 61.743 85.078 
9,10 67.521 59.988 66.906 67.628 54.619 52.200 65.357 88.278 
11,12 51.108 59.885 65.960 67.752 53.690 58.749 61.124 86.730 
13,14 51.108 59.015 66.905 67.653 55.342 53.483 59.698 96.022 
16,16 52.864 57.113 68.553 71.345 57.700 53.793 62.053 99.945 
17,18 57.303 53.713 66.649 69.796 58.646 56.477 63.395 97.984 
19,20 62.133 62.362 66.392 67.835 56.227 53.793 61.793 88.691 
21,22 54.928 63.188 64.634 71.498 57.803 56.477 59.058 89.104 
23,24 57.210 59.162 64.428 69.489 56.580 59.961 59.678 82.393 
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sampling began to increase the soluble phosphorus. 
!aiis increase became greater up to the eightdi or final 
sampling* \ 
Figure 18 shows the relative effectiveness of lime­
stone, limestone and sulphur, and limestone and gypsiom 
on the solubility of phosphorus in neutral ammonium 
citrate. As a rule the check soils and the soils which 
received an application of limestone contained more 
citrate-soluble phosphorus idian the soils which received 
the combinations of limestone and sulphur or limestone 
and gypsum. All the soils were ccsaparatively close, 
however, but sdiowed a rather uniform fluctuation. At 
taie ei^ iii sampling iibe soils receiving gypsum contain­
ed a larger quantity of soluble phosphorus than any of 
the other treated soils, while the sulphur at this 
sampling had the least effect. lEbie limestone and sul-
|diur e(^ inations as a rule were the least effective 
of any ti^ eateaent throughout the entire period of sixteen 
weeks. 
Figure 19 shows that rock phosjdiate and suljdiur 
combined increased the soluble phosj^ orus more than 
t^ e rock phosi^ te and gypsum combined at the second^  
third, and fouri^  samplings. !]Sie latter combination 
had a greater effect at the first, fift3i, sixHi, sevenlii. 
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arid samplings. The check soils were close to the 
treated pots -uiitil the seventh sampling. At this 
sampling the treated soils were higher in soluble phos» 
phorus. This increase continued up to the ei^ th 
sampling* 
The curves in figure 20 show that the limestone pro­
duced the most soluble phosphorus at the third, fourth, 
sixth, seveniai and eighth samplings. Rock phosphate, 
limestone and sulphur in combination were next in effect 
to the limestone alone, while rock phosphate, limestone 
and gypsum combined had the lease influence, 'Kie amount 
of soluble phosphorus falling below the checks at all 
samplings except the second, sixth and seventh. 
It is evident that the treatments used in this 
study failed to produce consistent, positive effects on 
citrate soluble phosphorus. !l3iis may be due to the soil 
properties. The organic matter was low and the bacterial 
flora produced but small amoiints of nitrates and sul­
phates between samplings. !I5ie small amount of citrate-
soluble phosphorus even when rock phosphate and sulphur 
were applied together shows that this soil was not in 
a vigorous bacterial condition. Brown and Gwinn (24) 
found considerable soluble phosphorus in Carrington loam 
92-
and Hlmi loam, especially la^ en manure was applied 
with the sulphur and rock phosphate, %e manure in ex­
periments of this kind, not only increases the bacterial 
activity of organisms already in taie soil, but in addi­
tion, adds to ttie soil great numbers of vigorous organ­
isms. No doubt results would have been far more definite 
had manure been incorporated in the experiment. Lipnan, 
McLean, and Lint (81) found that sulphur greatly in­
creased the citrate-soluble phosphorus when applied with 
rock phosphate. These t»esults were obtained without 
the presence of manure and in loam and silt loam soils* 
B» Y<ater-Soluble Phosphorus 
In tables XLIX to LVI inclusive tSiere appear the 
results of the determinations of "Kie water-soluble 
p2iospho37Us in the variously treated soils at the diff­
erent samplings. 
Table XLIX gives the results secured at the first 
sampling. This table shows that sulphur alone increased 
the water-soluble phosphorus. All the other treatments 
depressed the solubility of phosphorus at this sampling. 
There are some wide variations here. For example, in 
the soils from pots 7 and 8, However, had they agreed 
yADX.E XLIX 1 
V/ater-^ olublo Phoaphorus in 100 ©n. Air-
Dry Soil at Pirot Sampling. 
• t • « JAverage oftAvorago :varittttoy 
Pot :La'b> jDuplicatosjof Pota tfrota 
Ho. :Uo. t Treateiont t • « « : Check 
t , : t p.p.m. r p.p.m. p.p,m.'' s p.p.m. 
1 1 
2 
Oheok 16«666 
19.160 17.916 
2 1 Check 25.000 
0 23.335 24.166 21.041 
3 1 
2 
Limestone 14.000 
16.000 16.000 
4 1 Limestone 15.000 
2 23.750 19.375 17.107 - 3.954 
• 6 1 Sulphur 23.333 
2 SC.000 24.166 
6 1 Sulphur 26.666 
2 16.Q75 21,770 22.968 1.927 
7 1 OyiJQuin 3,000 
2 3,000 3.000 
0 1 Gypsum 10.000 
2 10.666 10.333 6.066 -14.376 
9 1 Rook phoopliato 0.833 
2 0.033 0.833 
10 1 Rook phoflphato 1.142 
2 1.333 1.230 1.035 -20.006 
11 1 Llmofltone and aulplior 0.D33 
2 0.033 0.033 
18 1 Limootono and sulphur 1.333 
2 1.333 1.333 1.083 -.19.958 
13 1 Limostono and {^ /psura 1.333 
1. n o.c. 1 -CLAQ 

T JU 
2 
0 1 Gyi:)sum 
8 
9 1 Rook phoD,)lTttto 
2 
10 1 Rook phoapliato 
2 
11 1 L.i.meato3io and aulplmr 
2 
12 1 Llmoatono und sulphur 
8 
13 1 Liraeotcjno and f^ /psiun 
2 
14 1 Limeatcffie and p.ypsuin 
2 
15 1 Rook phospSiato and aiilphtjv 
2 
16 1 Rook phoBDhato and eulphua? 
2 
17 1 Rook ph0fl)-)lTat0 and gypsum 
2 
18 1 Rook phonpliato osid {r^ ymjum 
2 
19 1 Rook x)}ioap}iato and llinoBtonG 
2 
20 1 Rook plioapliato and limostoiio 
2 
SI 1 Rook phosphate - llnootono and BtOLphiir 
2 
22 1 Rook phoophato- lliaoatoiio and aulphiu* 
2 
2S 1 Rook phoflphato, limootono and gypsum 
2 
24 1 Rook plionpbato, llnioo-bono dnd (3yr)ouin 
2 
3,000 3,000 
10.000 
10.666 10.333 
0.833 
0.Q33 0,833 
1.142 
1.333 1.230 
0,833 
0.833 0.833 
1.333 
1,333 1.333 
1.333 
1.166 1.249 
1.125 
1.833 1,479 
1.833 
2.000 1.916 
S.OOO 
2.333 2.166 
1.6G6 
2.000 1,833 
4.166 
4.666 4,416 
6,833 
5*000 5,416 
4.333 
4«666 4,499 
0.666 
0,833 0,7499 
0.666 
1,000 0,833 
1.333 
1,166 1,249 
1,000 
0.833 0,916 
6,666 -14.376 
1,035 -20,006 
1.003 -10,958 
1.364 -19,677 
2.041 -19,000 
3,124 -17,917 
4,9GG -16,083 
0,791 -20,250 
1,082 -19,959 
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even at the larger figure, the check soil would still 
have shown more soluble phosphorus# 
The results obtained at the second sampling appear 
in table L. The data presented here shows that sulphur 
again increased the water-soluble phosphorus. This 
increase was large enou^  to be quite significant. All 
the other treatments, limestone excepted, again de­
creased the amount of phosphorus soluble in water. 
Limestone theoretically should depress the solubility 
of phosphorus but it has increased the solubility at 
different times in this investigation. The limestone 
and sulphur alone increased the solubility of phosphor­
us in water but when combined decreased it. Sulphur, 
when applied with rock phosphate, decreased the amount 
of phosphorus soluble in water. 
The results secured at the third sampling are 
given In table LI. These data are not conclusive since 
the variations in water-soluble phosphorus in the 
treated soils from that in the check soils are so small. 
The pots receiving rock phosphate at the rate of 2000 
pounds per acre showed a small increase in water-sol­
uble phosphorus# Rock phosphate and sulphur combined 
gave a small increase. Rock phosphate when combined 
TABLE L 
V/ater-Soluftlo PO^  In 100 gpi. Air-Dry 
Soil at Sooond Seanpling. 
• 
• : • ; Average ot''t Average : variation 
Pot JLab • « : PC. jPuplioatos :of Pots :frcwi 
No. :Wo. : Treatment *X • • • # 0 :Check 
• 
• : : p,p.m. : p.p.m. : p.p.m. : p.p.m. 
1 1 
2 
Oho ok 13.500 
14.166 13.833 
2 1 Che ok 17.500 
2 11.66G 14.533 14,200 
5 1 
2 
Limestone 15.000 
16.000 15.500 
4 1 Lliiiostono 17.500 
2 15.000 16.250 15.825 1,617 
5 1 Svilphur 25*000 
2 23.750 14.375 
6 1 Sulphiir 26.250 
2 23.125 24.687 39.057 23,232 
7 1 Gypaiuii 3.166 
2 2.666 2.916 
8 1 Gyps-um 4.750 
2 4.750 4.750 3.835 -10.375 
9 1 
2 
Rook phospliato 3.166 
2.714 2,940 
10 1 Rook phoapMto 1.428 
2 2.000 1.714 2,327 -11.881 
11 1 Lijnestono and sulphur 1.000 
2 1.000 1.000 
12 1 Limestone raid sulphur 2.000 
2 2,000 2.000 1.500 -12.708 
13 1 O Lii iOHtone and gypoiuu 1.428 n -A. . i» 

7 1 GyiDSTJin 
2 
8 1 Gypsvun 
2 
9 1 Rock pliospliato 
2 
10 1 Rook phospliiitG 
2 
11 1 Limestone and sulphui' 
2 
12 1 Limestone and sulphur 
2 
13 1 Liinot'.tone and p,jrpaiuu 
2 
14 1 LjjuootonG and eypami 
2 
15 1 Rock phojjphato and nulphm' 
2 
16 1 Rook phor.phato and rjulphui* 
2 
17 1 Rook phoaplmto and f^ nDsum 
2 
18 1 Rook phosphato and g^ jpsmi 
2 
19 1 Rock phospliato and limestone 
2 
20 1 Rock phosphate and limestone 
2 
21 1 Rook phospliato, llmeotono and vTiAlphui? 
2 
28 1 Rock phosphate, llmestono and aulplmr 
2 
23 1 Rook phosphate, limoatone and ['lypavm 
2 
24 1 Rook phoaphaiio, limestone and g;ypauin 
s 
ioi. oor 
€7X7 • \ J W f  
3.106 
2.66G 2.916 
4.750 
4.750 4.750 , 3.833 -.10.375 
3,166 
2.714- 2 •94-0 
1.428 
2.000 1.714 2.327 -11.881 
1.000 
1.000 1.000 
2.000 
2.000 2.000 1.500 -12.708 
1.428 
1.714 1.5V1 
1.571 
3.142 2.357 1.914 -12.294 
3.000 
2.142 2.521 
2.142 
1.714 1.928 2.224 -11.984 
missing 
missing 
4.285 
5.714 4.999 4.999 - 9.209 
5.833 
2.285 4.064 
2.285 
1.857 1.923 2.966 -11.242 
2.000 
1.500 1.750 
1.000 
0.714 0.857 1.303 -12.905 
0.857 
0.428 0.624 
2.857 
1.000 1.923 1.27G -12.932 

TABLE LI 
Water-Soluble PO4 In 100 
at Third Sampling, 
• • 
Pot:Lab: 
Ho.tHo.: Treatment 
• • 
• • 
1 1 Check 
2 
2 1 Check 
S 
S 1 Limestone 
2 
4 1 Limestone 
2 
5 1 Sulphur 
2 
6 1 
P 
Sulphur 
7 1 Gypsum 
2 
8 1 Oypstna 
2 
9 3. Rock phosphate 
2 
10 1 Rook phosphate 
2 
11 1 Limestone and siAlphur 
2 
IS 1 Limestone ond sulphur 
2 
13 1 Limestone and gypsum 
2 
lit 1 Idmeatono and /]iVDS'Ujij 
I 
gtn. Air-Dry Soil 
Average of:Average 
Duplicates:of Pota 
":Vflj?lai;lori 
rfrcan 
:Check 
p»p«m» ; p.p.m«. : p«p.m« 
1.714 
2,142 1.928 
1.428 
1,142 1,285 1.607 
1.571 
1,428 1,499 
1.714 
1.714 1.714 1,G07 
0.714 
0.714 0.714 
1,142 
1.142 1,142 0.928 
1.428 
1.428 1.428 
1.428 
1.000 1.214 1.322 
2.285 
1.142 1.713 
2.142 
2.285 2.214 1,963 
1.142 
1.142 1.142 
1.142 
1.428 1.285 1,214 
2.857 
2,571 2.714 
1.714 
^ oa A. 
I co 
o> 
I 
0.000 
-0.679 
-0.285 
0,356 
-0.393 

7 1 Glypa\«a 
2 
8 1 Oypstun 
2 
9 3. Rook phosphate 
2 
10 1 Rook phosphate 
2 
11 1 Limestone and sulphur 
2 
12 1 Limestone and sulphiu? 
2 
13 1 Limestono ond gypsiim 
2 
14 1 Limestone and gypstun 
2 
16 1 Rook phosphate and sulphur 
2 
16 1 Rook phosphate and sulph^ir 
2 
17 1 Rook phosphate and gypsum 
2 
18 1 Rook phosphate and gypsum 
2 
19 1 Rook phosphate and limestone 
2 
20 1 Rook phospliate and limestone 
2 
21 1 Rock phosphate, limestone and sulphur 
2 
22 1 Rock phosphate, limestone and sulphur 
2 
23 1 Rock phosphate, limoatone and gypsum 
2 
24 1 Rook phosphate, limestono and gyiosum 
2 
1.488 
1.428 
1.428 
1.000 
2.285 
1.142 
2.142 
2.285 
1,142 
1.142 
1.142 
1.428 
2.857 
2.571 
1.714 
1.714 
2.142 
2.142 
2.000 
2,428 
1.142 
1.142 
1.428 
1,285 
1.142 
0.714 
0,571 
2.142 
2.857 
2,571 
1.714 
1.714 
2.142 
2.142 
2,000 
2,142 
1,428 
1.214 
I 
1.713 
2,214 
1.142 
1,285 
2.714 
1,714 
2.142 
2.214 
1.142 
1,357 
0.933 
1,357 
2,714 
1.714 
2,142 
2,071 
1,322 
1.963 
1,214 
2.214 
2,178 
1.249 
1,145 
2,214 
2,107 
-0,285 
0.356 
•*0.393 
0.607 
0.571 
-0.358 
-0.462 
0.607 
0,500 
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with, limestone and sulphur or limestone and gypsum also 
gave a small increase. 
Table LII gives the data secured at the foiar'Ki 
saiapling. This table contains some interesting results. 
All the treatments Increased the water-soluble phos­
phorus. ?he soils wliich had been treated with lime­
stone or limestone and gypsum showed the largest amount 
of soluble phosphorus. Rock phosphate alone ranks hi^  
in effect. Sulphur or gypsum when applied with rock 
phosphate had less effect on the amount of soluble phos­
phorus than rock phosphate alone. Soils treated with 
rock phosphate, liiiiestone and sulphur, and rock phos­
phate, limestone and gypsum contained less soluble phos­
phorus than those receiving rock phosphate alone. 
2he i»esults obtained at the fifiAi sampling appear 
in table LIU. This table shows that all the treatments, 
excepting rock phosphate alone, and rock phosphate and 
gypsua combined increased the water-soluble phosphorus 
over that in the check soils. Limestone alone, lime­
stone and sulphur, limestone and gypsum, limestone and 
rock phosphate brought about a considerable increase 
in water-soluble phosphorus over that in the check 
soils. lEie soils in pots 21 and 24 inclusive which re­
ceived limestone in combination with rock phosphate and 
TABLE LXI 
Wator-Soluble PO^ in 100 gni. Air-Dry 
Soil at Fourth Sampling# 
: : 
Pot: Lab» 
No.tHo.t 
: t 
Treatment 
PO 4 
: Average ox': Average:Vari at ion 
Duplicates:of Pots:frem 
: Check 
P»P .m. p,p.m. ;p,p»m. t p.p»m. 
1 
2 
3 
4 
6 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
1 
2 
1 
2 
1 
S 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
Check 
Check 
Limestone 
Limestone 
Sulphur 
Sulphur 
Gypsum 
Gypsum 
Rock phospliate 
Rock phosphate 
Limestono and sulphur 
Limestone and sulphur 
Limestone and gypsum 
Limestono and 
Rock phosplmte a^ d oulpjiux'' 
0.857 
1.000 
0.571 
0.571 
14.500 
14.142 
11.000 
10.000 
6.000 
7.500 
7.500 
7.500 
9,000 
7.500 
10.000 
7.500 
9.500 
10.000 
10.500 
10.500 
6.000 
5.000 
5.000 
6.000 
13.000 
15.000 
13.000 
12.500 
9^ 000 
0.928 
0.571 
14.321 
10.500 
6.750 
7.500 
8,250 
8.750 
9.750 
10.500 
5.500 
5.500 
14.000 
18.750 
0.750 
12.410 
7.125 
8.500 
10.125 
5.500 
13.375 
11.660 
6.375 
7.750 
9.375 
4.750 
12.625 
CO 
I 

7 1 
2 
Gypsum U.UUD 
7.500 8,250 
8 1 Cfypsum 10.000 
2 7.500 8.750 8 .500 7.750 
9 1 
2 
Rock phospliato 9.500 
10,000 9.750' 
10 1 Rock phosphate 10.500 
2 10.500 10.500 10 .125 9.375 
11 1 Limestono and sulphur 6.000 , 
2 5.000 5.500 
12 1 Lilmestono and sulplmr 5.000 
2 6.000 5.500 5 .500 4.750 
13 1 Limestone and gypoum 13.000 
2 15.000 14.000 
14 1 Limestone and gypsum 13.000 
2 12.600 1S.7G0 13 .376 12.625 
15 1 
2 
Rook phospliato and a\ilpliui'» 9.000 
8.000 8.500 
16 1 Rock phosphate and sulphiu? 7.000 
2 8.500 7.750 8 .125 7,375 
17 1 
2 
Rook phosphate and gypsum 0,000 
7.000 7,500 
18 1 Rock phosphate and gypsum 9.000 
2 8.500 8.750 8 .125 7.375 
19 1 Rook phosphate and limestone 7.500 
2 8.000 7.750 
20 1 Rook phosphate and llmostone 7.500 
2 7.000 7.250 7 ,400 6.650 
21 1 Rock phosphate, limestone and sulphur 6.000 
2 6.000 6.000 
22 1 Rock phosphate, limestone and sulphur 6.000 
2 7.500 6.750 6 .375 5,623 
23 1 
2 
Rock phosphate, limestone and gypsum 12.000 
12.000 12.000 
24 1 Rook phosphate, limestone and gypsum 8.500 
2 7.000 7.750 9 .875 9,125 

1 
TABLE LIII 
V/ater-Soluble POa in 100 
at Fifth Sampling# 
gpi« Air-Dry Soil' 
• 
• i • « : Average oi':AVei»age :variation 
Pot :Lab « • t PO4 rDuplicates :of Pots' ':from 
No. :No. : Treatment • • * • :Check 
• 
• : t' ' p.'p.r/i." : p.p.m. : p.p.m. ; p.p.m. 
1 1 
2 
Check 7.000 
8 •500 7.750 
2 1 Check 7.000 
2 6.500 6.750 7.250 
3 1 
2 
Limestone 12,000 
11.500 11.750 
4 1 Limestone 10.000 
2 13.500 11.750 11.750 4.500 
5 1 Siilph\ir 7.000 
8.500 2 10.000 
6 1 Sulphur 7.500 
0.750 2 7.500 7.500 8.000 
7 1 Gypsum 6*000 
2 6.000 6,000 
8 1 Gypsum 0.500 
0.375 2 10.000 9.250 7.625 
9 1 Rook phosphate 3.500 
2,750 2 2.000 
10 1 Rock phosphate 4.500 
-3.500 2 5.000 4.750 5.750 
11 1 Limestone and aulplmr 12.500 
2 12.500 12,500 
12 1 Limestone and sulphur 7.500 
2,750 2 7.500 7.500 10.000 
13 1 Limestone and £iypsuiii 13.500 
2 17.000 15,250 
14 1 Limestone and gypsum 12,500 
5.860 2 9.500 11.000 13.125 
I to to 
I 

8 1 Gyp sum 
XJ # \V\7\J 
0,500 
\j 4 vnjw 
2 10,000 9.250 7.625 0.375 
9 1 Rook phosphate 3.500 
2 2.000 2.75Q 
10 1 Rook phosphate 4.500 
2 5.000 4.750 3,750 -3,500 
11 1 Limestone and aulpliur 12.500 
2 12.500 12,500 
12 1 Limestone and sulphiir 7.500 
2 7,500 7,500 10,000 2,750 
13 1 
2 
Limestone and f^ypsiun 13.500 
17,000 15,250 
14 1 Limestone and gypsuiii 12.500 
2 9.500 11,000 13.125 5,865 
15 1 
2 
Rook phosphate and sulphur 8,000 
7,000 7,500 
16 1 Rook phosphate and oulphur 11,000 
2 10,000 10.500 9,000 1.750 
17 1 
2 
Rock phosphate and gj-zissum 4.400 
6.000 5.200 
10 1 Rook phosphate and gypsum 2,000 
2 2,000 2,000 3.600 •«6.650 
19 1 
2 
Rock phosphate and limestone 20,000 
18,000 19.000 
20 1 Rock phosphate and lliiostone 30,000 
2 25,000 27,500 23.250 16.000 
21 1 Rock phosphate, limestone and sulphur 12.500 
2 15,000 13.750 
22 1 Rook phosphate, limestone and sulphiir 10,000 
2 9.500 9,750 11,750 4,500 
23 1 
2 
Rook phosphate, limestone and fi:/psum 14.000 
16.000 15,000 
24 1 Rock phospliate, limestone and 13.000 
2 11.000 12,500 13.750 6.500 
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sulphar or rock phosphate said gypsioa ahowed significant 
gains. 
Table LIV shows the results at the aizth sampling. 
The effects of the treatments were largely negative at 
this sampling. Sulphur and gypsim alone, and rock phos­
phate and gypsum combined had positive effects. All 
the other treatments were negative. 
Table LV shows the data secured at the seventh 
sampling. The data presented here are not conclusive. 
The variations in soluble phosphorus in the treated 
soils from that in the check soils are largely negative. 
However, sulphur alone, sulphur and limestone, and 
sulphur, rock jdiosphate and li:aestone brought about 
more water-soluble phosphorus production than was found 
in the check soils. 
The results secured at the eighth sampling are 
shown in table LVI. These data are quite siniilar to those 
in the preceding table. Sulphur alone and sulphur and 
rock phosphate combined brou^^t about more water-soluble 
phosphorus production liiaii in the check soils. The 
soils treated with limestone alone and rock phosphate 
and gvpsum, in a like manner, contained more soluble 
I±L0sph0ru8 than the check soils. All the other treated 
soils showed less soluble phosphorus t-.hfln the check soils. 
TABLE LIV 
V/ater-Solutole PO4 in 100 @n. Air-Dry 
Soil at Sixth Sampling. 
Pot 
No. 
• 
• 
:La"b 
:No. 
• 
• 
« 
• 
• 
• 
: Treatment 
• • 
• 
; PO4 
• 
:Average of:Average 
;DuplicateB:of Pots 
: ! 
:Variation 
:from 
:Chock 
. » p.p.m. : p.p.m. : p.p.m. : p.p.m. 
1 1 Check 14.000 
2 17.500 15.750 
2 1 Check 18.000 
2 18.000 18.000 16,875 
S 1 Limestone 11.000 
2 11.500 11,250 
4 1 Limestone 12.000 
2 11.000 11.500 11,375 - 4.500 
5 1 Sulphiir 10.500 
2 12.000 11,250 
6 1 Sulphur 11.000 
2 12.500 11,750 11,500 5.375 
7 1 Gypsxsm 5,500 
2 5.000 5,250 
8 1 Gypsum 4.000 
2 6.000 5.000 5,125 11.700 
9 1 Rock phosphate 2.200 
2 2.800 2,500 
10 1 Rock phoopbate 2.200 
2 2.200 2,200 2,350 -14,475 
11 1 LimestonG and sulphur 0.800 
2 1,200 1,500 
12 1 Liraestono and sulphur 1.200 
2 mlBsing 1,200 1,350 -15.525 
13 1 Limestone and gypsura 11,500 
2 11.000 11.250 
14 1 Liraestono and gypsum 9.000 
2 11.000 10.000 10.625 - 6.249 
15 1 Rock phosphate and sulphur 19.500 

2 
8 1 Gypsiam 
2 
9 1 Rock phosphate 
2 
10 1 Rock phosphate 
2 
11 1 Llinestono and sulphur 
2 
18 1 Limestono and sulphur 
2 
13 1 Limestone and gypsum 
2 
14 1 Limestone and c;/-p3um 
2 
16 1 Rock phosphate and sulphur 
2 
16 1 Rook phosphato and sulphur 
2 
17 1 Rook phosphate and g^;psum 
2 
18 1 Rock phosphate and gypsum 
2 
19 1 Rook phosphate and limestone 
2 
20 1 Rook phosphato and limestone 
2 
21 1 Rock phosphate, limeotone and sulphur 
8 
22 1 Rook phosphate, limestone and sulphur 
2 
23 1 Rock phosphate, limestone and gypsum 
2 
24 1 Rock phosphate, limestone and gypsum 
2 
WW 
5,000 5.250 
4.000 
6.000 5.000 5.125 11.700 
2.200 
2.5O6 2.800 
2.200 
2.200 2.200 2.350 -14.475 
0.800 
1.200 1.500 
1.200 
missing 1.200 1.350 -15.525 
11.500 
11.000 11.250 
9.000 
11.000 10.000 10.625 - G.249 
19.500 
20,705 20.142 
17.500 
15.000 16.250 18.196 - 1.321 
10,500 
9.500 10.000 
10,000 
9.500 9.750 9.875 7.000 
2.500 
missing 2.500 
4.000 
3.500 3.750 3.125 -13.750 
5.000 
missing 5.000 
7.000 
missing 7.000 6.000 -10.875 
9.000 
9.000 9.000 
7.500 
7.500 7.500 16.500 - 0.375 

TABLE LV 
Wator-Soluble PO^ In 100 gin. Air-Dry 
Soil at Seventh sampling. 
• • ! • • :Average of J "Average tVarlatlon 
Pot :La"b : Treatment : PO4 
• 
:Duplicatea;of Pots :from 
No. tWo, • • • • • :check 
: • • : ID.p.m. ; p. p.m. :  P. i3 .m.  ; p,p,m. 
1 1 
2 
Check 10.500 
11.500 11.000 
2 1 Check 10.500 
2 11.000 10.750 10.875 
3 1 
2 
Limestone 10.000 
11.000 10.500 
4 1 Limestone 12.000 
2 12.000 12.000 11.250 0.375 
5 1 Sulphiir 13.000 
2 13.000 13.000 
6 1 Sulphvir 11.000 
2 10,500 10.750 11.875 1.000 
7 1 Gypsum 9.000 
2 9,500 9,250 
8 1 Gyp am 11.500 
2 11.500 11.500 10.375 -0.500 
9 1 Rook phoDplmto 10.500 
2 9,500 10.000 
10 1 Rock phosphate 10.500 
2 11.500 11.000 10.500 -0.375 
11 1 Limestone and oiilphur 11.000 
2 12.000 11.500 
12 1 Limestone and sulphur 12.000 
0.875 2 12.000 12.000 11.750 
13 1 Llraoatone and gypsum 7.000 
2 6.000 6,500 

Q J. 
2 
ouxpnixr 
7 1 
2 
1 
a 
Gyp stain 
8 Gypavim 
9 1 
P 
Rook phoapbato 
10 
A
1 
2 
1 
o 
Rock phosphate 
11 Limestone and sulphur 
12 1 
P 
Limestone and sulphur 
13 1 
2 
1 
P 
Limestone and gypsum 
14 Limestone and gypsum 
15 
Ct 
1 
p 
Rook phospliatc and sulphur 
16 
Ct 
1 
p 
Rook phoapliat© and sulphiiT 
17 1 
p 
Rock pho55phato and gypsum 
18 1 
2 
1 
o 
Rook phosphate and gypavun 
19 Rook phosphate and limestone 
20 1 
o 
Rook phosphate and limestone 
21 
A 
1 
p 
Rook phosphate, limestono and 
22 1 p Rock phosphate, limestone and 
23 
A 
1 p Rook phosphate, limestone and 
24 1 
2 
Rock phosphate, limestone and 
JLl.UUO 
10,600 
9.000 
9,500 
11.500 
11.500 
10.600 
9.500 
10,500 
11.500 
11.000 
12.000 
12.000 
12.000 
V.OOO 
6.000 
6.000 
missing 
12,000 
9.500 
8.000 
7,500 
10.500 
12.000 
8.500 
0.500 
7.500 
7.500 
10.000 
19.000 
14.000 
13.000 
10.000 
12.000 
6.500 
7.000 
6.000 
7.000 
10.750 
9.250 
11.500 
10.000 
11.000 
11.500 
12.000 
6.500 
6.000 
10.750 
7.750 
11.250 
8.500 
7.500 
9.500 
13,500 
11.000 
6.750 
6.500 
11.875 
10.375 
10.500 
11.750 
6.250 
9.250 
9,875 
8.500 
12.250 
6.625 
1.000 
-0.500 
-0.375 
0.875 
-4.625 
-1.625 
-1.000 
-2.375 
1.375 
-5.615 

TABHE LVI 
Water-Soluble PO4 in 100 gm. Air-Dry 
Soil at Eigjith Sampling, 
: t 
: Treatment 
: Average ol^: Average :Variation 
Pot :Lab • PO4 iDuplicatea :of Pota .Jfrom 
No. tNo. : • • 1 Che ok 
* 
• 
• 
• I p.p.ra. : p.p.m. : p.p.m. : p.p.m. 
1 1 
2 
Oheok 9,000 
11,000 10,000 
S 1 
2 
Check 12,500 
10,000 11.250 10,625 
3 1 
2 
Limestone 11,000 
12,500 11,750 
4 1 Limestone 12,000 
2 11,000 11,500 11,625 1,000 
5 1 Sulphur 13,500 
13,000 2 12,500 
6 1 SulphTir 12,500 
12,625 2,000 2 12,000 12,250 
7 1 Gyp aura 9,000 9,500 2 10,000 
8 1 Gypaum 10.000 
-0,625 2 11,000 10,500 10.000 
9 1 Rock phosphate 11,000 
12,250 2 13.500 
10 1 Rook phosphate 12,000 12,500 1,375 2 13,500 12,750 
11 1 Limestone and sulphur 8,500 
7.750 2 7,000 
12 1 Limestone and sulphur 7,500 
-2,375 2 10.000 8,750 8,250 
13 1 Limestone and gypsum 8,500 
8,750 2 9.000 
14 1 Limestone and c^/pgum 8.000 
-2.375 2 7.500 7,750 8,250 
IK 1 Rnnlc rilirvEinlnnhfj and. milnl'iur' 16.Q00 

7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
1 Gypsum 9,000 
2 10,000 9,500 
1 Gypautn 10.000 
2 11.000 10.500 10 .000 -0 .625 
1 Rock phosphate 11,000 1 
2 13.500 12,250 
1 Rook phosphate 12.000 
2 13,500 12,750 12 ,500 1 .375 
1 Limestone and sulphur 8,500 
2 7,000 7.750 
1 Limestone and sulphur 7,500 
2 10,000 8,750 8 .250 -2 .375 
1 Limestone and gypstjm 8,500 
2 9.000 8,750 
1 Limestone and gj/paum 8,000 
2 7.500 7,750 8 .250 -2 .375 
1 Rook phospliato and sulphur IG.OOO 
2 20,000 18,000 
1 Rook phosphate and sulphur 15,500 
2 10,000 15,750 16 .875 6 .250 
1 Rook phosphate and gypsum 12,500 
2 12,000 12,250 
1 Rock phosphate and gypsum 13.000 
2 10,000 11,500 11 .875 1 .250 
1 Rook phosphate and limestone 11,000 
2 9.000 10.000 
1 Rook phosphate and limestone 10,000 
2 10.000 10.000 10 ,000 -0 ,625 
1 Rock phospliato, limestone and sulphur 9,000 
2 8,000 8,500 
1 Rook phostiiat©- limestone and sulphur 8,000 
2 9,000 8,500 8 ,500 -2 ,125 
1 Rock phosphate, limestone and gypsum 10,000 
2 9,000 9,500 
1 Rook phosphate, limestone and gypsum 8,500 
2 8,500 8,500 9 ,000 -1 ,625 
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Table LVII presents a suzamary of tables XLIX to 
LVI inclusive. The following graphs were made from 
\ 
the table and show the influence of treatment on 
water-soluble phosphoriis for a period of sixteen weeks. 
The first samples were taken two weeks after treat-
laent. Figure 21 shows that the soils at this tiaie varied 
considerably. The soils which had received sulphur 
alone at the first sampling had a greater amoimt of 
water-soluble phosphorus than any of the others. At the 
time of the second sampling also, the water-soluble phos-
I^iorus in the soils mdiich had received sulphur was 
greatly in excess of that in any of the other treated 
soils. At the third and fourth and fifth samplings these 
soils contained less soluble phospihorus than the check 
soils. However, they were again hi^er than the check 
soils at the seventh and eightii sampling. The soils re­
ceiving gypsuza and rock phosphate separately as a rule 
contained less water-soluble jfiiosphorus than the check 
soils. 
Bie cxirves in figure 22 show that the soils re­
ceiving gypsum and limestone contained more soluble phos­
phorus than did those receiving sulphur and limestone. 
This holds for all samplings excepting the seventh and 
ei^ "l3i. At the former sampling, the limestone and sul-
TABLE LVII 
Summary of ttxe V/ater-Soluble Phos-
phorufl in 100 gm. Air-^Dry Soil. 
I : t t : t t s 
P o t  } l t 8 t 3 t 4 : 5 : 6 t 7 : 8  
Number tSampling sSampling s Sampling{Sampling {Sampling {Sampling {Sampling{Sampling 
{ t { i I { { t 
1, 2 
3, 4 
5, 6 
7, 0 
9,10 
11.15 
13,14 
15.16 
17,18 
19,20 
21,22 
23,24 
21,041 14.208 1.607 0.750 7.260 16.875 10.875 10.625 
17.187 15.825 1.107 12.410 11.750 11.375 11.250 11.625 
22.968 39.057 0.928 7.125 8.000 11.500 11.875 12.625 
6.166 3.833 1.322 8.500 7.625 5.125 10.375 10.000 
1.035 2.327 1.963 10.125 3.750 2.350 10.500 12.000 
1.083 1.500 1.214 5.500 10.000 1.350 11.750 8.250 
1.364 1.914 2.214 13.375 13.125 10.625 6.250 8.250 
2.041 2.224 2.178 8.125 9.000 18.196 9.250 16.875 
3.124 4.999 1.249 8.125 3.600 9.875 9.875 11.875 
4.958 2.966 1*145 7.400 23.250 3.125 8.500 10.000 
0.796 1.303 2.214 6.375 11.750 6.000 12.250 8.500 
1.633 1.276 2.107 9.875 13.750 16.500 6.625 9.000 
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phur had more effect than the limestone and gypsum, 
while at the latter the effect was approximately ttie 
same, AtJ these samplings, however, the check soils had 
more water-soluble phosphorus than the soils treated 
witti limestone and gypsum. At the seventh sampling the 
check soils and the soils which received limestone and 
sulphiu? were about equal in soluble phosphorus. The 
limestone and sulphur treated soils contained more 
water-soluble phosphorus than the check soils only at 
the fourth and fifth sampling. 
©le curves in figure 23 sdiow, as do those in 
figures 21 and 22, that the various treatments, limestone 
and sulfur excepted, did not become effective until 
the third and fourth samplings. In fact the amount of 
water-soluble ph.osphorus was actually less in the 
treated soils at the earlier samplings. The soils re­
ceiving rock phosphate and limestone combined, except 
at the fifth sampling, were very low in water-soluble 
phosphorus. 
In figure 24 the curves show a trend similar to 
•foat in the preceding figures (21, 22, and 25). The 
check soils and the soils receiving limestone were uni­
formly higher in water-soluble phosphorus than the soils 
which received rock phosphate, limestone and sulphur 
107-
or roclc phosphate, limestone and gypsum* At the fourldi 
and fifth sampling the reverse was true. 
\ 
The amomit of water-soluble phosj^ orus was very 
small in most of the samples., There was no consistent 
increase in soluble phosphorus when sulphur, or gypsum, 
o]?- liiaestone were applied with rock phosphate. It seems 
that this would have been true had the bacteria in this 
soil been numerous and vigorous. 
C« The Hydrogen-»ion Concentration 
The data giving the hydrogen-ion concentration of 
the soils in terms of pH at ttie various samplings are 
given in table LVIII. The accompanying figures were made 
from the data in this table« 
The curves in figure 25 are very instructive. Lime­
stone alone, decreased the hydrogen-ion concentration 
over that in the check soil except at the fifth sampling. 
Sulphur increased the hydrogen-ion concentration after 
the first sampling. The gypsum and rock phosphate treat­
ed soils were very close to the check soil and as a rule 
varied from time to time with the check soil. 
If 0.2 is set as the limit of error in the colori-
metrical determination of the hydrogen-ion concentration, 
a comparison of the treatments becomes possible# A 
iBoaMlWAi 
TABLE LVIII 
Hydrogen-Ion Concentration for all 
Treatments at 8 samplings# 
t : : 
Pot 
Number 
: 1 : 2 : 3 J 4 
t Sampling:Sampling xSampling:Sampling 
: : : : 
I 6 s 6 I 7 : 8 
:Sampling:Sampling :Sampling:Sampling 
: J : : 
1, 2 
3, 4 
6, 6 
7, 8 
9,10 
11,12 
13,14 
15,16 
17,18 
19,20 
21,22 
23,24 
6.400 6,350 6.205 6.800 6.575 6.330 6.300 6,200 
6,675 6.675 6.650 7,000 6,525 6.650 6.700 6,625 
6.250 6.200 6.125 6.225 6.100 6.100 6.100 6.100 
6.325 6,425 6.300 6.625 6.475 6.300 6.400 6,200 
6.175 6.350 6.275 6,650 6,350 6.150 6.325 6,325 
6 • 8U0 6.550 6.525 6.700 6,525 6.360 6.375 6,175 
6.850 6.800 6.700 6.950 6,750 6.700 6.825 6,625 
6.350 6.300 6.175 6.300 6.150 6,100 6.125 6,100 
6.250 6.300 6.275 6.650 6.275 6.300 6.400 6,200 
6.850 6.660 6.700 7,000 6.700 6.650 6.700 6,650 
6.800 6,700 6.600 6.750 6.600 6.350 6,625 6,325 
6.750 6.800 6.675 7.000 6.725 6.675 6,825 6.800 
I 
H 
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study of the table (LVIII) will show that the cheek soils 
and the gypatoa treated soil are comparable. The soils 
in pots 3 and 4, 11 and 12, 13 and 14, 19 and 20, 21 and 
22, 25 and 24, all of which had a limestone treatment, 
were lower in hydrogen-ion concentration timn the check 
soils* However, the soils in pots 5 and 6, 15 and 16, 
were camparatively higjaer in hydrogen-ion concentration. 
On the other hand, in the soils in pots 9 smd 10 and 
17 and 18 the variations from tlie cheek were within 
the limit of error. This simplifies the problem and 
shows that limestone alone or in combination decreased 
while sulphur increased the hydrogen-ion concentra­
tion of this soil* Gypsum and rock phosphate had no 
effect on the hydrogen-ion concentration. These results 
are in accordance with the work of Erdman (44), Lint 
(74) and Pitz (111). 
In figure 26 the influence of limestone is clear­
ly evident. It dec3?ea3ed the hydrogen-ion concentra­
tion in all the soils to which it was applied. How­
ever, sulphur when applied with limestone increased the 
hydrogen-ion concentration more than did the limestone 
alone. The sulphur became active at the fourth sampling 
where the hydrogen-ion concentration of the sulphur 
treated soil eqvialed that of the check soil. Thereafter, 
110-
•aie sulphur gradually increased the acidity until the 
ei^'Hi sampling which ended the experiment. 
i^ain in figure 27 it is shown that limestone de­
creased the hydrogen-ion concentration of the soil. 
The sulphur and the gypsua increased the acidity, the 
sulphiu? having more effect than the gypsum# Rock phos­
phate and limestone produced an effect very aimilar to 
that of limestone alone# 
Figure 28 shows fully the value of limestone in 
decreasing the hydrogen-ion concentration. But sulphur 
here, as in the previous figure, went far to over­
come the influence of limestone. This is shovm by 
ttie general trend in ciirves 1 and 3 after the fourth 
sampling. Gypsum could have had but little influence 
on the hydrogen-ion concentration since curve 4 follows 
closely curve 2, After the fourth sampling it really 
seems to have decreased the hydrogen-ion concentra­
tion even beyond that brought about by li:nestone alone. 
Crop Yields 
Table LIX gives the yields of soybeans in the field 
experiment on the Waukesha silt loam for a period of 
three years. Two check plots were run for the three 
TABU3 LIX 
'" I 
yield of Soybeans in a Thpoe-Year Field Test. 
I : 
Plot : I Yield in Kilograma 
Niamben Trealanent X : 1 i 
: X 1921 : 1922 : 1925 X Avernfice 
1 Cheok 59.25 72.25 71.16 67.550 
2 Limestone 56.25 75.25 81.57 71.003 
5 Sulphur 62.75 72.75 89.72 75.073 
4 Gypsum 60.00 64.25 89.78 71.320 
5 Rook phosphate 73.25 69.00 90.93 77.720 
6 Limeaton© and sulphur 72.50 67.50 81.72 73.906 
7 Limestone and gypsum 56.00 57.75 89.72 67.823 
8 Rook phosphate and sulphiar 62.25 58.25 83.66 67.720 
9 Rook phosphate and gypsum 56.25 00.50 99.42 78.720 
10 Roek phosphate and limestone 61.25 79.75 99.42 80.130 
11 Rook phosphate, limestone and sulphur 72.00 78.75 101.85 83.200 
18 Rook phosphate, limestone and gypsum 56.25 67.75 94.57 72.850 
15 Cheok 70.75 71.75 93.56 78.620 
14 Cheok 69.50 95.78 82.640 
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years^ At tlae end of the first year a third check was 
added# Tlie average yield on these check plots for the 
entire.'^riod was 76.27 id.logranis» IThis average can 
easily he compared with the three year averages for 
the treated soils which are shown in this table# Two 
treatments only, increased the yield over the checks 
sxifficiently to be considered# These are rock phos-
{^te, and limestone, and rock phosphate, limestone 
and sulphur# 
In table LX. are given the yield of soybeans in 
the griBenhouse experiment# Ihis table shows the yield 
of soybeans for three successive plantings, two of 
which were made in the greenhouse smd one of which was 
made in pots under field conditions. Sulphur, when 
applied alone, decreased the yield of soybeans approx­
imately one-third# In fact in all ttie soils treated 
with the sulphur combinations there was a smaller crop 
than on the check soils# Limestone and gypsum Tsiien 
applied separately or in combination, seems to have but 
little effect on the crop yield on this soil# Witii 
rock phosphate alone or in ocsnbination, the yields were 
less than on the check soils# However, with rock phos­
phate in combination with gypsum the yields were appDOX-
TABLE LX 
Yield oT Soybeans in Greenhouse Teats* 
: 
Pot t 
Numbert Treatment 
Yield in Grama 
IT 
Ip 2 Check 
S, 4 Limestone 
5, 6 Sulphur 
7, 8 Gypsum 
9»10 Rook Phosphate 
11,12 Limestone and sulphur 
13,14 Limestone and gypsum 
15,16 Rook Phosphate and sulphvir 
17,18 Rock Phosphate and gypsum 
19,20 Rook Phosphate and limestone 
21,22 Rook Phosphate, limestone and sulphvir 
23,24 Rook Phosphate, limestone and gypsum 
t—I i s r 
:planting t Planting :Planting tAverage 
15.50 16.35 52.75 28«53 
16 ,30 17.76 48.65 27.20 
12.80 14.00 32.75 19.85 
11.80 15.05 48.40 27.31 
10.50 17.05 42.50 23.35 
11.70 14.75 39.85 22.10 
13.50 15.40 38.50 22.70 
14.00 17.15 34,10 21.75 
14.40 17.80 50.90 27.70 
13.50 15.75 42.50 23.58 
16.05 15.05 39.15 23.41 
17.00 15.05 41.35 24.50 
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iaately the same as on the cheek soils. 
!Ehes© yields are difficult to \indepstand. Soybeans 
are a-legume and as such should be benefitted by lime­
stone especially when grown in an acid soil. Howeyer^ 
they are not# Three-year field testa on the Waukesha 
silt loam and -^oree crops on Miami silt loam fail to 
show that limestone had any favoi-able influence on soy-' 
beans on these soil types. 
The failure of the soybeans to produce a greater 
yield when planted on soil treated with limestone aay 
possibly be explained on the basis of their feeding power. 
Truog (139) claims that the lime requirement of a plant 
together with its feeding power are the factors which 
determine the value of limestone to any given plant* 
Bach of these soils is only sli^tly acid. About one ton 
of limestone was required to make the surface 6 2/5 Inches 
neutral. Even tiiou^ the lime requirement of soybeans 
is relatively high, they are still able, because of their 
strong feeding power, to secure all of their needed 
limestone froa that originally present in the soil. Con­
sequently any addition of liiae stone would be of no value 
in this particular soil and for this particular plant. 
The results produced by sulphiir are more baffling, 
however. Sulphur alone and in all combinations used in 
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tiois ejcperiment, redwed the yield of soybeans# At 
least two factors were in operation here. In the first 
\ 
place'the i»oot development of soybeans was very much 
reduced in the sulphur treated soils• The pH of these 
soils was about 6*2* The soils in pots 5 and 6 and 
15 and 16 had this i>E at the first, and retained it 
throughout the eight samplings. In the soil in pots 11 
and 12p 21 and 22 the pH at the beginning was 6#8 and 
at the end of Hie e35>eriment, 6»1 to 6«3« But a pH 
of 6.2 is a lower concentrt^tion of hydrogen-ions than 
occurs in the sap of soybeans, where it is approxinate-
ly 5.9, according to Truog and Meaokajn (140), Just why 
a iffl of 6«S in a soil should be injxirious to the root 
developaient of soybeans while soybean sap has a pH of 
5*9 is not clear. 
In the second place, the nodule forniation was very 
greatly reduced by sulphur^ The nodules were altogether 
lacking, or nearly so, where sulphur alone was applied. 
The nodules which did occur were large and apparently 
normal. This suggests that the failure of these bacteria 
to develop nodules was due to the soil and in soae way 
related to the soil acidity, Fred and Loojais (50) 
have shown that the multiplication and rate of movement 
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of RhiasoTDium are influenced by soil acidity and that 
these functions decrease with an increase of acidity. 
It seems as if the behavior of both the beans and 
\ 
bacteria was in line with Tmog^s theory (139) of plant 
growtii in relation to soil acidity. Both the soybeans 
and the bacteria need calcim in the carbonate form. 
"The sulphur changes the limestone to the sulphate and 
thus brings about malnutrition in these plants, i«e», 
the soybeans and the bacteria. !Ei© injury, therefore, 
which the sulphur does to the root development of soy­
bean# was only apparent. The real difficulty was one 
of plant nutrition, i.e., the lack of carbonate or bi­
carbonate to precipitate Idie organic acids occi:rring 
in the plant. 
The Rhizobium of the soil are, in a like manner, 
reduced in vigor. Only the more vigorous are able to 
successfully gain an entrance into the root hairs. Those 
which first make their entrance survive, and, if per­
chance, they draw from the plant juices the necessary 
carbonate to maintain their metabolic functions, 12riey 
have a normal grow1±i. The weaklings fail to make an 
entrance, and, of the vigorous which finally enter the 
root hairs, only a lixaited number can survive. 
The failure of soybeans to give an increased yield 
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in the presence of rock phosphate alone or in combina­
tion with limestone is probably dae to the insolubil­
ity ojP the rock. Rudolfs (117) determined the rela­
tion of the availability of rock phosphate and the pH 
value of its medium. His data showed that rock phosphate 
was only sli^tly soluble until a pH of 5.1 to 2.8 wa« 
attained# ®ie pK of ttie soils receiving sulphur alone 
in this experiment vas near 6•2* This was, therefore, 
far too hi^ for a very significant influence of the 
rock idiosphate to be shown. 
In the light of the data gathered in this experi­
ment and of our knowledge of plant physiology, an in­
creased yield of soybeans is not to be expected in this 
work. First, soybeans, while having a hi^ lime require­
ment, are also strong feeders. !I3iese properties make 
It unlikely that limestone can produce very positive 
results on soils having only a slight acidity. Second, 
the quantity of sulphur used, together wiidti the sulj^o-
fying power of these soils, does not lead to the hydro-
gen-ion concentration necessary to produce the required 
soluble phosphorus and as a result the yield does not 
materi€^J.ze. The failure to secure increased yields 
with sulphur or gypsua is probably due to the presence 
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of ffufficlent sulphates in these soils to care for the 
metabolic needs of soybeans, inaofar as the element 
siilphyi? is involved. 
This experiment brings out some interesting facts 
concerning the relation of the nitrifying power and the 
pH« Pigures 5, 6, 7 and 8 can be compared with figures 
25, 26, 27 and 28 respectively. This comparison brings 
out the following facts# First, the treatments which 
produced a hi^ nitrifying power also produced a hi^ 
pH i,e», a low concentration of hydrogen-ions. This 
held in general for limestone, limestone and gypsma, rock 
phosphate and limestone, and rock phosphate, limestone 
and gj-psum. 
Second, the treatments which produced a low nitri­
fying power also produced a low pH, i.e., a higji hydro­
gen-ion concentration. This held for sulphur in parti­
cular. The other treatments n^.ich were combined with 
sulphur had their pH reduced to a level with the check. 
It seems frcai this data especially that, covering a 14 
weeks period, the nitrifying power can be found in a re­
lative way, by determining the pH. These data do not 
show that this gives the nitrifying power of a soil but 
that it does give the relative power of soils to nitrify 
ammonium sulphate. 
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SUMMASY 
The results secured in this experiment are not as 
\ 
cons'istent as might be hoped. However, they show in a 
general way some interesting facts. 
In the Miami silt loam the production of nitrates 
under cropping conditions was slightly greater if the 
acidity was practically neutralized by limestone. Sul­
phur when applied to this soil depressed nitrate pro­
duction. Rock phosphate and gypsum had no influence on 
the nitrates formed under field conditionB. 
t 
Kie nitrifying power of this soil was increased 
by limestone but depressed by sulphur. Gypsum gave 
both positive and negative effects but as a rule, "Hie 
curves show very little variation from those of the 
check soils. Hock i^osphate likewise has little in­
fluence on nitrifying power. 
The sulphates present at the various samplings 
were not influenced by any of the treatments except sul-
idiur. Gypsxaa had no influence whatever, in the produc­
tion of sulphates* The combined treatments showed no 
greater amiount of sulphates in the soils than in the 
check soils. 
The sul^ofying power was greatly increased by sul-
120-. 
pihur# ttypsum, on the other hand, had no influence on 
the sulphofying power of this soil. Limestone reduced 
the cf^antity of sv.lp:iates, ^hile the rock phcspliate had 
no effect v.'he.tever« 
!P:ie amo-Jint ne'JLtral aLraoniuin-citrate-sorJible phos­
phorus present in the soils was not varied nrach "by the 
treatments, tliere being little increase over that present 
in the check soils. Sulphur alone or in co'.iblnation, 
however, did seen to produce a S2iall quantity of soluble 
phosphorus. 
The treatments produced sone increase in Yfater-
soluble phosphorus. However, the q^aantity ^as small and 
varied irregularly. 
The hydrosen-ion concentration v/as lowered hj llae-
stone alone or in conbination. Sulphur, however, in­
creased the acidity, and alone or corxbined, showed cfearly 
its positive influence. Gypsun and rock phosphate had 
no influence on the hydrogen-ion concentr.-tion. 
Tlie yield of the crops of soybeans on Waukesha silt 
loan was not influenced by treatnent. The results T7sr« 
quite variable. The yield of soy': eans in t5ie greenhouse 
on iliaai silt loan was reduced by sulphur, LLmestone 
had no effect. Kock phosphate snd gypsun, alone, or in 
any of the coinbinations used in this work was not effect­
ive on soybeans grown on this soil. 
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COHGLTTSIONS 
1, neither elemental sulphur nor gypsiua increased 
\ 
the ^cmth of soybeans on the Miami silt loam or on the 
Uaul^esha silt loaia, 
2. Sulphur was apparently not the limiting elesient 
of fertility in these soils. 
S« The amount of neutral aimnonium-citrate-solul^le 
and of water-soluble phosphorus in the Miami silt loam 
was not increased by elemental sulphur or gypsum. 
4. Elemental sulphur increased the power of the 
Hiasii silt loam to oxidize sulj^ur but decreased its 
power to oxidize ammonixna sulphate to nitrates. 
5. Gypsum has no influence on the sulphofying 
or the nitrifying power of this soil. 
6. Elemental sulphur increased the hydrogen-ion 
concentration of the soil. 
7. Gypsuia had no influence on the hydrogen-ion 
concentration of tliis soil. 
8« The relative nitrifjring power of soils may 
possibly be deteirrained by measuring their hydrogen-ion 
concentration, the nitrifyir.g power being conversely 
proportional to the concentration of the hydrogen-ions. 
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